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Principal  Divisions  of  Geologic  Time  .a 

[A  glossary  of  geologic  terms  is  given  on  pp.  182-185.1 


Era. 

Period. 

Epoch. 

Characteristic  life. 

Duration,  accord- 
ing to  various 
estimates. 

Cenozoic  (re- 

Quaternary. 

Recent. 

Pleistocene 
(Great 
Ice  Age). 

"Age  of  man."    Animals  and  plants  of 
modern  types. 

Millions  of  years . 
lto5. 

cent  life). 

Tertiary. 

Pliocene. 
Miocene. 
Oligocene. 
Eocene. 

"Age  of  mammals."    Possible  first  appear- 
ance of  man.    Rise  and  development  of 
highest  orders  of  plants. 

Cretaceous. 

(6) 

"Age  of  reptiles."    Rise  and  culmination 
ofhuge  land  reptiles  (dinosaurs) ,  of  shell- 
fish with  complexly  partitioned  coiled 
shells  (ammonites),  and  of  great  flying 
reptiles.    First  appearance  (in  Jurassic) 
of  birds  and  mammals;  of  cycads,  an 
order  of  palmlike  plants  (in  Triassic); 
and  of  angiospermous  plants,  among 
which  are  palms  and  hardwood  trees 
(in  Cretaceous). 

Mesozoic  (in- 
termediate 
life). 

Jurassic. 

(6) 

4  to  10. 

Tr  lassie. 

Carbonifer- 
ous. 

(6) 

Permian. 

"Age  of  amphibians."    Dominance  of  club 
mosses  (lycopods)  and  plants  of  horsetail 
and   fern   types.    Primitive  flowering 
plants  and  earliest  cone-bearing  trees. 
Beginnings  of  backboned  land  animals 
(land  vertebrates).     Insects.     Animals 
with  nautilus-like  colled  shells  (ammon- 
ites) and  sharks  abundant. 

* 

Pennsylva- 
nian. 

Mississip- 
pian. 

Devonian. 

w 

"  Age  of  fishes."    Shellfish  (mollusks)  also 
abundant.    Rise  of  amphibians  and  land 
plants. 

Paleozoic 
(old  life). 

Silurian. 

(&) 
(6) 

Shell-forming  sea  animals  dominant,  espe- 
cially those  related  to  the  nautilus  (ceph- 
alopods).    Rise  and  culmination  of  the 
marine  animals  sometimes  known  as  sea 
lilies  (crinoids)  and  of  giant  scorpion- 
like crustaceans  (eurypterids).    Rise  of 
fishes  and  of  reef-building  corals. 

17  to  25. 

Ordovician. 

Cambrian. 
Algonkian. 

Shell-forming  sea  animals,  especially  ceph- 
alopoda and  mollusk-like  brachiopods, 
abundant.    Culmination  of  the  buglike 
marine  crustaceans  known  as  trilobites. 
First  trace  of  insect  life. 

(6) 

Trilobites  and  brachiopods  most  charac- 
teristic animals.  Seaweeds  (algse )  abun- 
dant.   No  trace  of  land  animals  found. 

♦ 

Proterozoic 
(primordial 
life). 

(6) 

First  life  that  has  left  distinct  record. 
Crustaceans,  brachiopods,  and  seaweeds. 

Archean. 

Crystalline 
rocks. 

No  fossils  found. 

60  + 

«  The  geologic  record  consists  mainly  of  sedimentary  beds— beds  deposited  in  water.  Over  large  areas 
long  periods  of  uplift  and  erosion  intervened  between  periods  of  deposition.  Every  such  interruption  in 
deposition  in  any  arei  produces  there  what  geologists  term  an  unconformity.  Mrav  of  the  time  divisions 
shown  above  are  separated  by  such  unconformities— that  is,  the  dividing  lines  in  the  table  reDresent  local 
or  widespread  uplifts  or  depressions  of  the  earth's  surface. 

*  Epoch  names  omitted;  in  less  common  use  than  those  given. 
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PREFACE. 


By  George  Otis  Smith. 


The  United  States  of  America  comprise  an  area  so  vast  in  extent 
and  so  diverse  in  natural  features  as  well  as  in  characters  due  to 
human  agency  that  the  American  citizen  who  knows  thoroughly  his 
own  country  must  have  traveled  widely  and  observed  wisely.  To 
"know  America  first"  is  a  patriotic  obligation,  but  to  meet  this  obli- 
gation the  railroad  traveler  needs  to  have  his  eyes  directed  toward 
the  more  important  or  essential  things  within  his  field  of  vision  and 
then  to  have  much  that  he  sees  explained  by  what  is  unseen  in  the 
swift  passage  of  the  train.  Indeed,  many  things  that  attract  his 
attention  are  inexplicable  except  as  the  story  of  the  past  is  available 
to  enable  him  to  interpret  the  present.  Herein  lie  the  value  and  the 
charm  of  history,  whether  human  or  geologic. 

The  present  stimulus  given  to  travel  in  the  home  country  will 
encourage  many  thousands  of  Americans  to  study  geography  at  first 
hand.  To  make  this  study  most  profitable  the  traveler  needs  a  hand- 
book that  will  answer  the  questions  that  come  to  his  mind  so  readily 
along  the  way.  Furthermore,  the  aim  of  such  a  guide  should  be  to 
stimulate  the  eye  in  the  selection  of  the  essentials  in  the  scene  that 
so  rapidly  unfolds  itself  in  the  crossing  of  the  continent.  In  recog- 
nition of  the  opportunity  afforded  in  1915  to  render  service  of  this 
kind  to  an  unusually  large  number  of  American  citizens,  as  well  as  to 
visitors  from  other  countries,  the  United  States  Geological  Survey  hns 
prepared  a  series  of  guidebooks x  covering  four  of  the  older  railroad 
routes  west  of  the  Mississippi. 

These  books  are  educational  in  purpose,  but  the  method  adopted  is 
to  entertain  the  traveler  by  making  more  interesting  what  he  sees 
from  the  car  window.  The  plan  of  the  series  is  to  present  authori- 
tative information  that  may  enable  the  reader  to  realize  adequately 
the  scenic  and  material  resources  of  the  region  he  is  traversing,  to 
comprehend  correctly  the  basis  of  its  development,  and  above  all  to 
appreciate  keenly  the  real  value  of  the  country  he  looks  out  upon, 

1  Guidebook  of  the  western  United  States:  Part  A,  The  Northern  Pacific  Route,  with 

aside  trip  to  Yellowstone  Park  (Bulletin  611);  Part  B,  The  Overland  Route,  with  a 

side  trip  to  YelJowBtone  Park  (Bulletin  612);  Part  C,  The  Santa  Fe  Route,  with  a  side 

trip  to  Grand  Canyon  of  the  Colorado  (Bulletin  613);  Part  D,  The  Shasta  Route  and 

Coast  Line  (Bulletin  614). 
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not  as  so  many  square  miles  of  territory  represented  on  the  map  in  a 
railroad  folder  by  meaningless  spaces,  but  rather  as  land — real  estate, 
if  you  please — varying  widely  in  present  appearance  because  differing 
largely  in  its  history  and  characterized  by  even  greater  variation  in 
values  because  possessing  diversified  natural  resources.  One  region 
may  be  such  as  to  afford  a  livelihood  for  only  a  pastoral  people; 
another  may  present  opportunity  for  intensive  agriculture;  still 
another  may  contain  hidden  stores  of  mineral  wealth  that  may 
attract  large  industrial  development;  and  taken  together  these  varied 
resources  afford  the  promise  of  long-continued  prosperity  for  this  or 
that  State. 

Items  of  interest  in  civic  development  or  references  to  significant 
epochs  in  the  record  of  discovery  and  settlement  may  be  interspersed 
with  explanations  of  mountain  and  valley  or  statements  of  geologic 
history.  In  a  broad  way,  the  story  of  the  West  is  a  unit,  and  every 
chapter  should  be  told  in  order  to  meet  fully  the  needs  of  the  tourist 
who  aims  to  understand  all  that  he  sees.  To  such  a  traveler-reader 
this  series  of  guidebooks  is  addressed. 

To  this  interpretation  of  our  own  country  the  United  States  Geo- 
logical Survey  brings  the  accumulated  data  of  decades  of  pioneering 
investigation,  and  the  present  contribution  is  only  one  type  of  return 
to  the  public  which  has  supported  this  scientific  work  under  the 
Federal  Government. 

In  preparing  the  description  of  the  country  traversed  by  the  Santa 
Fe  Route  the  geographic  and  geologic  information  already  published 
as  well  as  unpublished  material  in  the  possession  of  the  Geological 
Survey  has  been  utilized,  but  to  supplement  this  material  Mr.  Darton 
made  a  field  examination  of  the  entire  route  in  1914.  Information 
has  been  furnished  by  Erasmus  Haworth,  J.  E.  Todd,  and  R.  T.  Hill, 
as  well  as  by  others  whose  writings  are  listed  in  the  bibliography  at 
the  end  of  the  text.  Cooperation  has  been  rendered  by  the  United 
States  Reclamation  Service  and  by  bureaus  of  the  Department  of 
Agriculture.  Railroad  officials  and  other  citizens  have  also  gener- 
ously given  their  aid,  and  other  members  of  the  Survey  have  freely 
cooperated  in  the  work. 

For  the  purpose  of  furnishing  the  traveler  with  a  graphic  presenta- 
tion of  each  part  of  his  route,  the  accompanying  maps,  25  sheets  in 
all,  have  been  prepared,  with  a  degree  of  accuracy  probably  never 
before  attained  in  a  guidebook,  and  their  arrangement  has  been 
planned  to  meet  the  convenience  of  the  reader.  The  special  topo- 
graphic surveys  necessary  to  complete  these  maps  of  the  route  were 
made  by  W.  O.  Tufts. 


Guidebook  of  the  Western  UWeted  States, 
part  c.  the  santa  fe  route,  with  a  sidji  trjp  to 

THE  GRAND  CANYON  OF  THE  COLORADOC*  •. 


By  N.  H.  Darton  and  others. 


INTRODUCTION. 

In  going  from  Kansas  City  to  Los  Angeles,  a  distance  of  nearly  1 ,800 
miles,  by  the  Atchison,  Topeka  &  Santa  Fo  Railway  the  traveler  sees 
a  wide  diversity  of  geographio  and  industrial  conditions.  First  he 
crosses  the  Great  Plains,  which  extend  for  500  miles,  to  the  foothills 
of  the  Rocky  Mountains.  In  the  eastern  part  of  these  plains  the 
rainfall  is  ample  for  crops,  so  that  nearly  all  the  land  is  in  farms  and 
the  population  is  moderately  dense.  Toward  the  west  the  climate 
becomes  increasingly  arid  and  farms  give  place  to  scattered  cattle 
ranches,  except  along  some  of  the  watercourses  where  irrigation  is 
practicable.  Running  streams  and  groves  of  trees  are  numerous  in 
the  eastern  part,  but  the  watercourses  in  the  western  part  are  much 
smaller  and  many  of  them  are  dry  in  summer,  and  the  principal  trees 
are  cottonwoods,  which  grow  along  some  of  the  valleys. 

The  Rocky  Mountain  province  is  skirted  by  the  railway  from 
Trinidad,  Colo.,  to  Las  Vegas,  N.  Mex.,  and  is  finally  passed  between 
Las  Vegas  and  Lamy.  It  consists  of  a  succession  of  high  rocky 
ridges  rising  abruptly  4,000  to  6,000  feet  above  the  Great  Plains.  On 
account  of  their  great  altitude  these  mountains  receive  considerable 
precipitation  and  in  large  part  are  forested  up  to  timber  line,  which  is 
at  an  elevation  of  about  11,000  feet.  The  rocks  are  steeply  tilted, 
and  in  most  of  the  area  the  granites  and  schists  of  the  old  earth  crust 
have  been  pushed  far  upward  and  constitute  the  high  central  ranges. 
Over  the  higher  parts  of  the  uplift  the  sandstones  and  limestones 
under  which  the  granites  and  schists  were  originally  buried  have  been 
krgely  removed  by  the  elements.  Between  Las  Vegas  an<J  Lamy 
the  railway  crosses  the  north  end  of  the  great  Corona  Plateau,  a  high 
table-land  between  the  Pecos  and  the  Rio  Grande  which  lies  south  of 
the  Rocky  Mountains  and  is  related  to  the  plateau  province  west  of 
the  Rio  Grande. 

Beyond  the  Rocky  Mountains  the  traveler  crosses  the  Rio  Grande 
and  enters  the  great  Colorado  Plateau  province,  which  extends  west- 
ward across  New  Mexico  and  far  into  Arizona,  and  many  miles  to  the 
north  and  south.  In  this  province  sedimentary  rocks  predominate,  in 
large  part  lying  nearly  horizontal,  so  that  the  harder  layers  constitute 
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extensive  plateaus^  ;"It  contains  also  many  great  lava  flows,  some  of 

which  form  th^surfac'6  of  the  plateaus.  Most  of  this  province  is  more 
arid  than  *^Jie  Vrastern  part  of  the  Great  Plains.  Toward  the  west, 
howevevj^ah^ut  Flagstaff,  Ariz.,  and  the  Grand  Canyon,  where  the 
altitud^.mcreases  to  7,000  feet  or  more,  the  preoipitation  is  much 
..gf eater  and  luxuriant  pine  forests  cover  a  wide  area. 
,  \  *•;  %  •  Still  farther  west  this  high  plateau  descends  by  a  succession  of  great 
*\  "  steps  or  westward-facing  cliffs,  and  finally,  near  Colorado  River,  the 
traveler  enters  another,  a  very  different  province — the  desert  province 
of  eastern  California.  This  province  consists  of  wide  desert  valleys, 
out  of  which  rise  long,  narrow  mountain  ranges,  most  of  them  that 
He  north  of  the  Santa  Fe  line  trending  north  and  south  and  some  of 
them  continuous  for  many  miles.  These  mountains  are  particularly 
rocky  and  jagged  and  their  meager  vegetation  is  so  scattered  that 
they  appear  to  be  bare.  The  broad  desert  plains  of  gravel  and 
sand  likewise  have  but  little  soil  and  scant  vegetation,  for  thi3 
is  the  most  arid  province  in  the  whole  country.  It  extends  halfway 
across  southern  California  to  the  foot  of  the  San  Bernardino  Moun- 
tains and  includes  the  Mohave  Desert,  a  part  of  the  vast  area  known 
as  the  Great  Basin,  whose  streams  do  not  reach  the  ocean  but  are 
lost  in  the  desert.  The  San  Bernardino  Mountains  and  associated 
ranges  rise  as  a  high  barrier  on  the  west  side  of  this  basin,  intercept- 
ing the  moist  air  currents  from  the  Pacific  and  thus  causing  the  arid 
cUmate  of  the  region  to  the  east.  These  mountains  are  uplifted 
blocks  of  tilted  rocks,  largely  granitic  and  metamorphic  (altered). 

The  coastal-plain  part  of  southern  California  extends  from  the 
western  foot  of  these  ranges  to  the  Pacific  Ocean,  a  distance  of  about 
100  miles.  Much  of  its  surface  is  made  up  of  coast  and  valley  plains ; 
its  climate  is  mild,  and  although  the  precipitation  is  only  moderate 
in  amount  the  conditions  for  plant  growth  are  so  favorable  that, 
with  the  help  of  irrigation  from  the  streams  that  cross  it  and  from 
water  in  the  underlying  sands  and  gravels,  it  has  become  one  of  the 
most  productive  agricultural  districts  in  the  United  States. 

Note. — For  the  convenience  of  the  traveler  the  sheets  of  the  route  map  in  this  bul- 
letin are  so  arranged  that  he  can  unfold  them  one  by  one  and  keep  each  one  in  view 
while  he  is  reading  the  text  relating  to  it.  The  contour  lines,  in  brown,  represent 
lines  of  equal  elevation  above  sea  level.  Each  line  indicates  the  path  that  would 
be  taken  by  one  who  walked  over  the  country  by  a  course  always  at  the  same  level, 
curving  in  and  out  with  the  irregularities  of  the  land  surface.  The  lines  are  drawn 
at  the  vertical  distances  apart  ("contour  interval")  stated  on  each  map.  Where 
close  together  they  indicate  a  steep  slope;  where  far  apart,  a  gentle  slope  or  plain. 
A  reference  is  made  in  the  text  to  each  map  at  the  place  where  it  should  be 
unfolded.  The  areas  covered  by  these  sheets  are  indicated  on  Plate  I,  and  a  list 
of  the  sheets  and  the  other  illustrations  is  given  on  pages  187-190.  A  glossary  of 
geologic  terms  is  given  on  pages  182-185,  and  an  index  of  stations  on  pages  191-194. 
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ITINERARY. 

Kansas  City,  Mo.  (see  sheet  1,  p.  14),  is  the  commercial  metropolis 
of  the  large  area  of  fertile  prairie  plains  of  Kansas,  Missouri,  and 

Oklahoma.  It  is  also  an  important  railroad  and 
Kansas  Cityf  Mo.  manufacturing  center  and  one  of  the  great  cities 
Eievatkm  750  feet.  0f  the  United  States,  ranking  in  1910  twentieth 

PopolatiMi  248,381.1  .  .      .  -  '  i      co  '1 

in  population.  It  covers  nearly  58  square  miles. 
Kansas  City,  Kans.,  though  a  distinct  municipality,  is  really  continu- 
ous with  it,  the  two  forming  a  single  community.  Most  of  Kansas 
City,  Mo.,  is  built  on  a  rolling  plateau  on  top  of  a  bluff  rising  about 
200  feet  abruptly  from  the  bank  of  Missouri  River,  but  its  western 
part  is  on  a  low  flat  adjoining  the  mouth  of  Kansas  River,  locally 
called  the  Kaw.  The  railway  station  used  for  many  years  was  on 
this  flat,  at  the  foot  of  the  bluff  which  rises  steeply  to  the  main  part 
of  the  city  on  the  east.  The  new  station,  a  mile  southeast  of  the  old 
one,  is  in  a  depression,  originally  an  old  river  channel  extending  across 
the  highland. 

This  station  and  its  approaches,  costing  $40,000,000,  is  the  largest 
railway  station  west  of  New  York.  The  building,  which  cost  nearly 
$6,000,000,  has  room  for  10,000  passengers,  and  260  passenger 
trains  arrive  and  depart  daily  on  its  16  tracks. 

The  location  and  development  of  Kansas  City  were  influenced  by 
various  conditions.  The  builders  of  the  earliest  trail  found  a  good 
crossing  in  the  big  bend  of  the  Missouri  just  below  the  mouth  of  Kan- 
sas River,  where  the  bank  was  stable,  and  here  a  settlement,  called 
Westport  Landing,  was  gradually  established.  Later,  when  there 
were  boats  on  the  river,  the  deep  water  at  this  point  made  it  a  most 
desirable  landing,  and  so  Westport  Landing  soon  became  an  important 
place.  Here  was  fought  a  battle  of  the  Civil  War  in  which  29,000 
men  were  engaged.  Soon  outgrowing  the  flat  area,  the  city  climbed 
the  high  bluff  to  the  south,  and  in  later  years  it  has  spread  widely  over 
the  rocky  plateau. 

Kansas  City  has  many  factories  and  local  industries,  employing 
about  40,000  persons,  with  an  annual  output  valued  at  $250,000,000. 
Its  sales  of  agricultural  implements  aggregate  $40,000,000  a  year, 
and  it  ranks  high  in  the  trade  in  lumber,  mules,  hay,  cigars,  and  grain. 
Meat  packing  is  one  of  the  important  industries,  for  the  stock  yards, 


1  The  figures  given  for  the  population 
of  incorporated  places  are  those  of  the 
United  States  Census  for  1910.  For  un- 
incorporated places  the  census   figures 


give  the  population  of  the  election  pre- 
cinct, township,  or  other  similar  unit, 
and  such  figures  are  here  marked  with  an 
asterisk  (*). 
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which  cover  an  area  of  200  acres,  handle  about  20,000  animals  a  day. 
The  flour  mills  have  an  annual  output  of  4,500,000  barrels. 

The  high  bluffs  of  Kansas  City  consist  of  thick  beds  of  limestone 
and  shale,  about  225  feet  in  total  thickness.  The  harder  layers  of 
limestone,  130  feet  in  all,  crop  out  as  prominent  white  or  gray  ledges. 
The  beds  appear  to  be  horizontal,  but  in  reality  they  slope  (dip)  at  a 
low  angle  toward  the  northwest.1  The  limestones  and  shales  in  the 
bluff  are  part  of  the  widely  extended  succession  of  beds  which  underlie 
Kansas,  as  well  as  the  adjoining  region,  as  shown  in  the  sections  on 
several  sheets  of  the  route  map.  The  materials  of  which  these  rocks 
are  composed  were  deposited  many  millions  of  years  ago,  at  a  time 
when  a  large  part  of  central  North  America  was  covered  by  a  sea. 
The  limestone  consists  of  calcium  carbonate  separated  from  the  sea 
water  by  various  chemical  reactions,  in  part  through  the.  agency  of 
sea  plants  and  sea  animals,  and  the  shale  was  a  mud  which  gradually 
settled  from  turbid  water.  Both  kinds  of  sediment  accumulated 
very  slowly,  and  the  great  thickness  of  the  rocks  into  which  they 
have  been  consolidated  represents  a  long  period  of  geologic  time. 

1  These  rocks  are  a  portion  of  the  Peim-  i  formation.  Id  accordance  with  the  general 
sylvanian  aeries  of  the  Carboniferous  practice  among  geologists  each  of  these 
system.    (See  table  on  p.  ii.)   As  shown  in  |  formations  has  been  named  from  a  locality 
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figure],  they  consist  mainly  of  the  Kansas 
City  formation,  the  upper  bed  of  lime- 
stone and  the  bed  of  shale  underlying  it 
representing  the  lower  part  of  the  Lansing 


where  ils  beds  arc  found  in  typical  char- 
acter. Some  of  the  limestones  contain 
impressions  of  fossil  shells,  one  having 
yielded  more  than  70  species  or  varieties. 


THE  SANTA  FB  ROUTE. 


On  the  bluffs  of  Kansas  City  there  is  a  thin  sheet  of  sand  and 
gravelly  day,  called  till,  which  was  left  by  the  glacier  or  ice  sheet 
that  once  covered  this  region.  This  occupation  by  ice  was  one  of  the 
most  interesting  events  in  the  geologic  history  of  the  continent.1 

The  new  Union  Station  in  Kansas  City  is  in  a  marked  depression  or 
valley  which  lies  behind  the  main  bluff  all  the  way  from  Missouri 
River  on  the  east  to  the  slopes  descending  to  Kansas  River  on  the 
west.     This  depression  is  now  followed  by  most  of  the  railways 


1  In  the  earlier  part  of  the  glacial  epoch, 
called  the  Kansan  stage,  the  ice  sheet 
extended  from  the  north  halfway  across 
northeastern  Kansas,  reaching  the  present 
valley  of  Kansas  River  and  in  places  ex- 
tending a  few  miles  south  of  it.  Probably 
the  ice  sheet  had  much  to  do  with  deter- 
mining the  position  of  the  Kansas  River 
valley,  for  the  river  began  at  that  time  to 
flow  in  its  present  general  course.  This 
ice  sheet  covered  about  4,000,000  square 
miles  in  northern  North  America  about 
300,000  years  ago  and  endured  for  a  long 
time.  1 1  was  several  thousand  feet  thick , 
and  it  accumulated  at  a  time  when  the 
fall  of  snow  was  in  excess  of  melting 
and  evaporation.  Its  southern  edge  was 
in  the  zone  where  melting  kept  pace 
with  the  advance  of  the  ice,  and  appar- 
ently in  some  stages  of  its  existence  its 
margin  remained  at  the  same  place  for  a 
long  time.  Its  flow  was  due  mainly  to 
the  thickness  of  the  ice,  for  the  land  does 
not  all  slope  downward  to  the  south, 
which  was  the  direction  of  the  movement. 
The  flow  of  a  glacier  of  this  character  is 
illustrated  in  general  by  the  lateral  flow 
of  a  thick  mass  of  pitch  lying  on  a  table. 

As  the  glacier  moved  along  it  picked 
up  large  quantities  of-  rock  and  soil. 
This  material  was  slowly  carried  south- 
ward and  in  some  areas  accumulated  at 
the  southern  edge  of  the  ice  in  a  deposit 
known  as  a  terminal  moraine.  When 
melting  gained  on  the  rate  of  advance  the 
glacial  front  receded  and  the  clay,  sand, 
gravel,  and  bowlders  which  the  ice  had 
contained  were  left  behind  in  a  sheet 
covering  the  rocks  of  the  country.  This 
deposit  is  called  till  or  drift.  Much  of 
the  material  was  brought  great  distances, 
and  its  coarser  components,  especially  the 


)x)wldcrs,  are  of  such  character  that  their 
sources  are  known  by  geologists  familiar 
with  the  rocks  of  the  country  to  the  north. 
Some  of  the  bowlders  that  were  carried 
along  the  bottom  of  the  glacier  are 
scratched  by  grinding  against  rocky 
ledges,  and  in  places  these  ledges  also 
show  scratches  and  scorings  which  the 
moving  rocks  have  cut  in  them.  Many 
of  the  features  indicative  of  glaciation 
are  found  in  northeastern  Kansas  as  far 
south  as  Kansas  City  and  Topeka. 

The  glacier  evidently  extended  over 
the  area  occupied  by  Kansas  City,  for 
glacial  scratches  have  been  observed  on 
|  the  surfaces  of  limestone  ledges  in  the 
j  middle  of  the  city.  The  scratches  trend 
somewhat  east  of  south  and  are  clearly 
marked,  having  been  preserved  by  a 
covering  of  the  glacial  till.  This  till  caps 
the  ridge  in  the  northern  half  of  the  city 
but  appears  to  thin  out  and  disappear  at 
no  great  distance  to  the  south,  indicating 
the  southern  limit  of  the  ice.  No  clearly 
denned  moraine  is  known  in  this  place. 
The  till  is  all  on  the  highland,  indicating 
that  the  deep  river  valley  now  lying  a 
short  distance  to  the  north  did  not  exist 
in  glacial  time. 

Other  glacial  scratches  are  observed  on 
the  bluffs  on  the  north  side  of  the  river  3 
miles  north  of  Kansas  City,  about  100  feet 
above  the  river.  One  set  trends  S.  24° 
W.  and  another  S.  51°  E.,  indicating  two 
directions  of  ice  movement,  probably  at 
two  different  stages  of  ice  advance. 
Scratches  are  also  exposed  at  the  deep 
cut  in  the  northwestern  part  of  Kansas 
City,  Kans.  These  scratches  are  clear 
cut  and  extend  for  some  distance,  so  that 
they  could  not  have  been  produced  by 
bowlders  in  floating  or  floe  ice. 
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entering  Kansas  City  from  the  east.  It  has  walls  of  limestone,  the 
harder  beds  appearing  as  ledges  and  the  softer  beds  as  slopes.  It  is 
floored  with  sand  and  clay  to  the  height  of  about  100  feet  above  the 
present  river  flats.  It  was  the  valley  of  Kansas  River  at  a  time 
geologically  not  very  remote,  probably  when  the  glacial  ice  extended 
southward  as  far  as  the  city  and  when  the  valleys  of  the  region  lacked 
100  feet  of  their  present  depth.  The  length  of  time  that  the  Kansas 
followed  this  course  to.  the  Missouri  was  not  great,  but  it  was  sufficient 
to  cut  a  channel  in  the  limestone  100  feet  or  more  in  depth.  Eventu- 
ally the  water  was  drawn  off  by  some  small  affluent  of  Missouri  River 
at  the  time  when  that  stream  was  cutting  in  its  southern  bank  the 
great  concave  curve  along  which  the  larger  part  of  Kansas  City,  Kans., 
now  lies. 

Some  of  the  lower  slopes  along  the  Missouri  Valley  in  Kansas  City 
and  elsewhere  are  covered  by  a  highly  characteristic  deposit  called 
loess.1  This  material,  accumulated  at  a  time  later  than  the  glacial 
epoch,  is  a  fine  sandy  loam,  so  thick  and  firm  that  where  it  is  cut  into 
by  streams  it  makes  prominent  bluffs.  Some  of  it  can  be  seen  in  the 
eastern  part  of  Kansas  City,  extending  far  up  the  limestone  slopes 
and  in  part  covering  the  glacial  drift. 

On  leaving  the  Kansas  City  station  the  train  rapidly  descends  a 
small  valley  leading  into  the  valley  of  Kansas  River.  The  south 
bank  of  this  river  is  followed  to  Topeka  by  the  old  main  line  of  the 
railway,  but  the  trains  that  go  by  way  of  the  Ottawa  cut-off  to 
Emporia  follow  it  only  to  HoUiday,  a  distance  of  13.4  miles.  Just 
before  the  river  is  reached  the  State  line  is  crossed,  at  a  point  1 J  miles 
from  the  station. 


Kansas  has  an  area  of  82,158  square  miles,  or  nearly  double  that 
of  New  York,  Pennsylvania,  or  Tennessee.     Its  length  is  about  406 

miles,  but  the  Santa  Fe  Route,  in  crossing  it  from  east 
Kansas.        to   west,    covers   about   465    miles.     The   population    of 

the  State,  according  to  the  census  of  1910,  was  1,690,949. 
The  density  of  population  averages  20.7  to  the  mile  but  is  much 
greater  in  the  eastern  part  of  the  State  and  far  less  in  the  western 
counties.  Kansas  was  part  of  the  Louisiana  Purchase  of  1803,  and 
when  Missouri  was  made  a  State  its  eastern  boundary  was  defined, 
but  for  many  years  thd  region  west  of  that  line  was  regarded  as  an 
Indian  country  with  no  prospect  of  white  settlement.  This  region 
was  crossed  by  the  Lewis  and  Clark  expedition  in  1804  and  by 
Lieut.  Pike  in  1806. 


1  Geologists  differ  in  accounting  for  the 
origin  of  the  deposit  known  as  loess,  but 
many  of  them  believe  that  while  rivers 


may  have  cooperated  in  its  accumulation, 
most  of  it  was  at  one  time  or  another  wind- 
blown dust. 
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In  1854  Kansas  was  organized  as  a  Territory  under  the  Kansas- 
Nebraska  act,  which  left  the  question  of  slavery  to  be  settled  by  vote. 
This  question  caused  several  years  of  bitter  contention,  in  which 
many  persons  came  from  far  and  near  to  join.  The  struggle  of  the 
slavery  and  antislavery  forces  finally  became  a  national  issue  and 
was  one  of  the  causes  of  the  Civil  War.  In  1861  Kansas  was  ad- 
mitted as  a  "free  State."  It  has  been  settled  by  a  great  variety 
of  people,  some  of  whom  have  come  in  large  bodies.  After  the 
Civil  War  many  soldiers  settled  in  the  State,  taking  advantage  of 
the  provision  that  a  person  who  had  given  military  service  could 
have  his  term  of  service  deducted  from  the  five  years  required  for 
homes  teading. 

Kansas  has  considerable  resources  in  oil,  coal,  cement  rock,  and 
other  minerals,  but  the  principal  industry  of  the  State  has  been 
agriculture,  and  in  this  she  has  taken  high  rank.  Kansas  produces 
about  one-tenth  of  our  wheat,  ranking  first  in  that  crop.  Nearly 
5,500,000  acres  is  planted  in  wheat,  and  the  average  annual  yield 
from  1900  to  1913  was  75,347,000  bushels,  but  in  1914  the  crop  was. 
177,200,000  bushels,  valued  at  $168,340,000,  or  more  than  ever  before. 
The  oat  crop  in  that  year  was  58,960,000  bushels,  and  the  estimated 
total  value  of  farm  and  live-stock  products  of  Kansas  for  1914  was 
$638,000,000,  or  nearly  double  the  cost  of  the  Panama  Canal.  The 
average  yield  of  wheat  in  Kansas  for  the  last  10  years  is  14.1  bushels 
to  the  acre,  and  the  State  ranks  twenty-sixth  in  that  respect.  The 
average  yield  of  wheat  for  the  United  States  is  14.8  bushels  to  the 
acre.  Indian  corn  is  an  important  crop  in  Kansas,  the  yield  in  1913 
being  174,225,000  bushels. 

The  mineral  products  of  Kansas  in  1913  had  an  aggregate  value 
of  $27,312,563.  Coal  ($12,036,292)  was  the  leading  item,  and  Port- 
land cement  (3,291,818  barrels,  valued  at  $3,268,861)  ranked  second. 
The  zinc  produced  was  valued  at  $1,129,856;  lead,  $213,576;  clay 
products,  nearly  $2,000,000;  salt,  nearly  2,700,000  barrels,  valued  at 
$860,000;  petroleum,  2,375,029  barrels,  valued  at  $2,248,283. 

On  the  north  side  of  the  river  is  a  wide,  low  flat,  on  which  is 
built  the  southern  part  of  Kansas  City,  Kans.  The  flat  consists  of 
sand  and  gravel  deposited  by  the  river  and  extending  to  steep 
slopes  of  limestone  on  the  north.  The  valley  of  the  Kansas  is  from 
2  to  3  miles  wide,  and  the  stream  meanders  across  its  bottom 
in  long,  swinging  bends,  skirting  the  limestone  bluff  on  one  side 
for  a  few  miles  and  then  crossing  to  the  other  side.  Features 
of  this  sort  are  common  to  all  large  streams  that  carry  sediment 
across  a  generally  flat  country,  especially  to  those  which  vary 
greatly  in  volume  at  different  times  in  the  year.     Kansas  River  ir. 
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noted  for  its  floods,  which  follow  exceptionally  heavy  or  protracted 
rains.  During  their  progress  the  volume  of  water  in  the  stream  is 
enormously  increased.  Overflowing  the  ordinary  channel,  the  water 
extends  widely  over  the  lower  lands,  and  as  its  velocity  is  also  greatly 
increased,  it  does  much  damage.  As  the  stream  is  well  known  to  be 
subject  to  floods,  many  precautions  have  been  taken  to  make  railway 
embankments,  bridge  abutments,  and  other  structures  along  it  suffi- 
ciently high  and  strong  to  withstand  them,  but  occasionally  a  very 
high  flood  causes  great  havoc. 

The  great  flood  early  in  June,  1903,  was  the  highest  since  the  flood 
of  1844  and  was  more  destructive  than  that  one  because  of  the 
greater  population  in  the  valley.  The  water  extended  from  bluff  to 
bluff  at  most  places,  but  fortunately  there  were  many  localities  at 
which  the  current  was  not  strong.  At  the  Union  Pacific  station,  in 
Topeka,  there  was  from  7  to  8  feet  of  water  and  at  the  Kansas  City 
Union  Station  the  water  was  nearly  as  deep.  There  was  great  loss 
of  life  and  property,  a  large  amount  of  mud  was  deposited,  and  the 
river's  course  was  changed  in  places.  The  flood  was  caused  by  ex- 
*ceptionally  heavy  rainfall  at  the  end  of  a  long  rainy  season,  which 
had  saturated  the  ground  and  increased  the  flow  of  all  the  streams  in 
the  region. 

West  of  the  Missouri-Kansas  State  line  Kansas  River  makes  a  large 
bend  to  the  south,  cutting  into  the  limestone  slope  of  the  valley  so 
that  a  prominent  bluff  rises  steeply  above  the  stream.  This  bluff, 
which  extends  to  Argentine,  is  nearly  200  feet  high  and  exposes  the 
same  beds  of  limestone  and  shale  that  are  seen  in  the  bluffs  farther 
downstream.     The  railway  is  built  on  a  cut  and  fill  at  its  foot. 

Argentine,  the  first  stopping  place  in  Kansas,  was  named  from  the 
Latin  word  for  silver  (argentum),  smelting  being  the  first  industry 

established  there.  It  is  a  part  of  Kansas  City,  Kans. 
Argentine,  Kans.  ^jr^t  0f  Argentine  for  a  few  miles  the  railway  leaves 
Elevation  750  feet.       ^he  immediate  river  bank  and  runs  near  the  foot  of  a 

Kansas  City  5  miles.  j    j  i  i    i»   •         1  •   i  i  *ii> 

wooded  bluff,  in  which  may  be  seen  most  of  the  lime- 
stone beds  that  are  exposed  at  Argentine  and  Kansas  City.  Chief 
among  these  is  a  30-foot  bed  of  the  Iola  limestone,  which  is  used 
extensively  for  the  manufacture  of  Portland  cement  at  Iola,  in  south- 
eastern Kansas.  Next  above  is  shale  (Lane  shale),  and  at  the  top  of 
the  bluff  is  a  succession  of  limestones  (the  Stanton  and  Plattsburg 
limestones) .  All  the  beds  descend  gradually  to  the  west,  for  the  dip 
is  mostly  in  that  direction,  and  the  land  also  rises  as  the  valley  is 
ascended.  The  grade  of  Kansas  River  is  low;  the  rise  from  its  mouth 
at  Kansas  City,  where  the  elevation  above  sea  level  is  about  720  feet, 
to  Topeka  is  only  about  150  feet.  As  the  distance  is  65  miles,  the 
slope  is  less  than  2\  feet  to  the  mile. 


THE  SANTA  PE  B0UTE. 


Near  milepost  9  and  again  from  a  point  west  of  milepost  1 1  nearly 
to  Holliday  the  railway  is  on  the  bank  of  the  river.     At  milepost  13, 

east  of  Holliday,  there  is  a  cliff  of  Drum  limestone,  a 
Holliday.  ^ed  which  gradually  descends  toward  the  west  and 

Elevation  7«o  feet,       passes  beneath  the  river  near  Wilder.     Holliday  was 

Kansas  City  13  miles.     r  .     .  ~     __     __   „.  ,  .    _         ,  _        ^      _  . 

named  for  C.  K.  Holnday,  of  Topeka.  From  this 
place  the  cut-off  line  leads  westward  to  Emporia.  This  line  is 
described  on  pages  19-22. 

Beyond  Holliday  the  main  line 1  follows  a  nearly  west  course  for 
3J  miles  along  the  southern  margin  of  the  Kansas  River  flat.     At 

Wilder  siding  the  valley  makes  a  sharp  turn  to  the 
Wilder.  southwest  along  the  outcrop  of  the  upper  beds  of  the 

Elevation  772  feet*       Chanute  shale,  which  underlies  the  Iola  limestone. 

Kansas  City  17  miles.    »»«  »    ,1  •»•»  •■  a    i_v  v     j 

The  course  of  the  valley,  however,  was  established 
long  before  these  soft  beds  were  cut  into  at  this  place.  Probably  its 
position  was  influenced  by  the  ice  sheet  of  the  glacial  epoch,  the 
southern  edge  of  which  appears  to  have  projected  several  miles  far- 
ther south  in  this  vicinity  than  in  the  regions  to  the  east  and  west. 
The  ice  occupied  the  highlands  north  of  the  river,  but  it  is  believed 
not  to  have  extended  south  of  the  present  stream  between  the  west- 
ern part  of  Kansas  City  and  Lawrence. 

At  Bonner  Springs,  across  the  river  from  Wilder,  there  are  large 
quarries  of  limestone.  The  hills  north  of  the  river,  from  a  point 
opposite  Wilder  to  a  point  beyond  Weaver,  are  capped  by  till  con- 
taining scattered  bowlders  brought  from  the  north  by  the  glacial  ice. 
One  of  these  bowlders,  about  8  miles  north  of  Topeka,  is  40  feet  long 
and  25  feet  high  and  weighs  about  1,500  tons.  In  large  quarries  on 
the  north  bank  of  the  river  opposite  milepost  8  the  limestones  are 
worked  for  ballast,  road  metal,  and  concrete  material.  When  the 
clay  and  till  were  removed  from  the  limestone  many  glacial  scratches 
were  uncovered.  They  bear  S.  20°  E.  and  give  unmistakable  evi- 
dence that  glacial  ice  moved  in  that  direction  across  the  country 
before  the  present  valley  was  excavated.  The  rock  fragments 
carried  in  the  base  of  the  ice  scored  the  limestone  surface.  Probably 
an  earlier  Kansas  River  flowed  along  the  south  edge  of  the  ice  sheet 
and  received  much  water  from  the  melting  ice.1 


1  On  this  line  the  mileposts  indicate  dis- 
tance west  of  Holliday  as  far  as  Topeka, 
beyond  which  they  indicate  distance  from 
Atchison. 

3  At  one  stage  of  the  excavation  of  the 
valley,  probably  while  the  ice  extended 
to  the  line  of  the  present  valley  at  Wilder, 


the  river  flowed  eastward  across  the  ridge 
a  mile  south  of  Wilder,  for  an  old  high- 
level  gravel  and  sand  bed  is  found  on  the 
east  slope  of  this  ridge.  The  river  did 
not  flow  long  in  this  course,  for  it  cut 
only  a  small  valley  through  the  ridge, 
which  forms  the  present  divide. 
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The  gentle  northwesterly  dip  which  prevails  in  eastern  Kansas 
brings  the  Iola  limestone  almost  to  river  level  at  De  Soto.  The  south 
abutment  of  a  bridge  across  the  river  here  rests  on  this  limestone, 
which  shows  for  a  short  distance  in  the  bank  and  finally  passes 
beneath  the  alluvial  filling  of  the  river  flats.  About  8  miles  farther 
west,  the  next  overlying  limestones  (the  Stanton  and  Plattsburg) 
in  turn  pass  beneath  the  river  flat  near  Eudora.  As  the  formation 
above  them  is  soft,  easily  eroded  shale,  the  bluffs  along  the  valley 
sides  here  greatly  diminish  in  height  and  steepness. 

Eudora  was  named  after  the  daughter  of  a  Kansa  chief,  Pascal 
Fish,  from  whom  the  site  was  purchased.     Here  the  railway  crosses 

the  mouth  of  Wakarusa  Creek,  which  occupies  a  wide 
Eudora.  valley  extending  far  westward.     This  valley  is  wide 

Elevation  813  feet.       mainly  because  it  has  been  excavated  by  a  good-sized 
KsLas  city  33 \niies.   stream  in  a  thick  body  of  soft  shales  but  also  because 

at  one  time,  probably  during  the  glacial  epoch,  it 
served  as  a  channel  for  Kansas  River.  Since  that  time,  however,  all 
the  valleys  of  the  region  have  been  cut  about  100  feet  deeper. 
Another  old  channel  of  Kansas  River  extends  across  the  wide  bench 
on  the  north  side  of  the  present  valley,  4  miles  south  of  Eudora, 
about  150  feet  above  the  river.  This  channel,  however,  is  older  than 
the  one  in  Wakarusa  Valley,  for  it  is  higher  and  the  coarser  materials 
in  it  are  largely  flint  of  local  origin.  This  channel  is  believed  to  be 
preglacial,  because  its  deposits  show  none  of  the  rocks  of  northern 
origin  which  were  later  spread  over  this  region  by  the  glacier. 

The  flat  at  the  junction  of  the  Wakarusa  and  Kansas  valleys  is 
wide  and  shows  terraces  of  moderate  height,  which  extend  some  dis- 
tance west  of  Eudora.  The  railway  passes  over  this  flat,  and  in 
places,  as  at  milepost  23,  its  course  is  2  miles  south  of  Kansas 
River. 

The  wide  flats  along  Kansas  River  contain  a  thick  mass  of  sand 
and  loam  deposited  by  the  river.  This  material  affords  excellent 
soil  at  most  localities,  and  from  Kansas  City  to  and  beyond  Topeka 
it  is  cultivated  for  corn,  vegetables,  and  other  crops,  which  are  highly 
profitable.  Unfortunately  some  parts  of  this  land  are  not  out  of  the 
reach  of  ordinary  freshets,  and  a  large  area  is  subject  to  flood  and 
damage  when  the  river  is  exceptionally  high.  Heavy  freshets,  how- 
ever, are  so  rare  that  many  farmers  take  the  chances  of  damage  by 
high  water. 

From  points  not  far  beyond  Eudora  the  highlands  south  of  the 
river  are  visible.  Their  prominence  is  due  to  a  thick  cap  of  hard, 
massive  limestone  which  protects  the  soft  underlying  shale  from 
erosion.     One  high  butte  known  as  Blue  Mound,  5  miles  southwest 
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of  Eudora,  is  capped  by  an  outlying  mass  of  this  limestone,  and  other, 
peaks  and  hills  farther  southwest  present  the  same  feature.1 

The  thick  Oread  limestone  and  the  great  mass  of  soft  shale  below 
it  form  one  of  the  most  prominent  of  the  long  "steps"  crossing  the 
plateaus  of  eastern  Kansas.  The  formation  passes  under  90  feet  of 
Kanwaka  shale  to  the  west,  and  it  dips  beneath  the  valley  of  Kansas 
River  near  Lecompton. 

At  the  east  edge  of  Lawrence  the  Santa  Fe  line  is  crossed  by  a 
branch  of  the  Union  Pacific  system  coming  from  the  north  side  of 
Kansas  River. 

The  State  University  of  Kansas  is  in  the  southwestern  part  of 
Lawrence.     The  group  of  university  buildings  on  the  ridge  known 

as  Mount  Oread3  is  about  a  mile  southwest  of  the 
railway  station  and  can  be  reached  by  trolley  cars. 
The  university  enrollment  is  about  1,200  students, 
mostly  residents  of  Kansas,  to  whom  tuition  is  free. 
Connected  with  the  university  is  the  State  Geologi- 
cal Survey,  which  has  published  many  reports  on  the  geology  and 
mineral  resources  of  Kansas. 

Haskell  Institute,  a  Government  school  for  young  Indians,  estab- 
lished in  1884,  is  situated  in  the  southern  part  of  Lawrence.  Most 
of  these  Indians  come  from  the  several  reservations  near  by.  The 
number  of  students  i3  800. 


Lawrence. 

Elevation  822  feet. 
Population  12,374. 
Kansas  City  40  miles. 


1  The  succession  of  rocks  near  Eudora 
and  Lawrence  is  shown  in  figure  2,  below. 
The  Iatan  limestone  (formerly  called  the 
Kickapoo)  is  10  feet  thick  at  the  base  of 


Oread  limestone  cover  a  wide  area  but  vary 

somewhat  in  thickness  from  place  to  place . 

8  This  ridge  was  named  by  the  first 

party  of  settlers  in  honor  of  Mount  Oread 


Lecompton  limestone.. 
Kanwaka  shale 


Oread      J  Shale'  itf 

limestone fe"0™     $ 


Lawrence  shale ZOO 

Iatan  limestone I0' 

Weston  shale 100 ' 

Stanton  limestone.  00' 


Figure  2.— Section  of  rocks  exposed  near  Eudora  and  Lawrence,  Kans. 


Blue  Mound,  and  in  this  vicinity  the  Law- 
rence shales  contain  a  thin  bed  of  coal 
that  was  formerly  worked  near  Lawrence. 
The  limestone  and  shales  constituting  the 


Seminary,  at  Worcester,  Mass.,  which  was 
founded  and  owned  by  Eli  Thayer,  the 
organizer  of  the  New  England  Emigrant 
Aid  Society. 
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Lawrence  was  settled  by  a  colony  of  New  England  people  who  were 
ardent  advocates  of  the  abolition  of  slavery.  The  attempt  to  make 
Kansas  a  proslavery  State  was  prosecuted  with  zeal,  and  vigorous 
endeavor  was  made  to  keep  out  settlers  who  were  not  in  sympathy 
with  that  side.  On  the  other'  hand  the  abolitionists  of  the  East 
organized  companies  which  established  and  assisted  in  maintaining 
"free-soil  colonies."  The  New  England  Emigrant  Aid  Society,  of 
which  Amos  A.  Lawrence,  of  Boston,  was  an  active  member,  was 
responsible  for  the  settlement  of  Lawrence,  Kans.,  in  1854.  From 
this  time  to  the  Civil  War  the  town  was  the  stronghold  of  the  anti- 
slavery  party.  In  1863  Quantrell  raided  Lawrence  with  a  band  of 
Missourians  who  killed  288  men,  a  large  proportion  of  the  adult 
male  population  at  the  time.  Lawrence  was  a  noted  station  on  the 
so-called  underground  railroad  system  by  which  slaves  escaped  from 
Missouri  and  other  States. 

At  Lawrence  brick  of  various  kinds  is  made  from  shale,  and  sand 
is  dredged  from  the  river  for  use  in  making  concrete  and  other  build- 
ing operations.  The  dredge  is  plainly  visible  from  the  railway  station 
(to  the  north),  and  the  principal  brickworks  are  south  of  the  railway, 
a  mile  west  of  the  station.  In  the  pits  the  shale  is  capped  by  terrace 
deposits.  A  1,400-foot  well  just  east  of  Lawrence  station  furnishes 
a  small  flow  of  saline  water  that  is  in  considerable  demand  for  the 
treatment  of  rheumatism.  The  river  is  dammed  at  Lawrence  to 
afford  power,  which  is  used  mainly  by  a  flour  mill. 

Much  stone  is  quarried  from  the  ledges  of  Oread  limestone  west  of 
Lawrence.  About  90  feet  of  shale  (Kanwaka)  intervenes  between 
the  Oread  and  the  next  higher  limestone  (the  Lecompton),1  which 
caps  the  ridges  southwest  of  Lawrence.  The  Lecompton  limestone 
dips  west  and  passes  below  the  alluvium  of  the  valley  filling  near 
Spencer  siding.  In  quarries  north  of  Kansas  River  it  yields  large 
slabs  that  are  used  in  Lawrence  and  other  places  for  curbing,  pave- 
ments, and  trimmings. 

Half  a  mile  west  of  Lawrence  station,  on  the  north  side  of  the  rail- 
way, are  the  city  waterworks.  Water  from  the  underflow  of  the  river 
is  obtained  by  large  pits,  in  the  bottom  of  which  perforated  pipes  are 
sunk  deep  in  the  sand.     The  railway  passes  along  a  flat  with  low 


1  The  Lecompton  limestone  consists  of 
five  principal  beds;  5  feet  of  limestone  at 
the  base,  5}  feet  of  shale,  16  inches  of  blue 
limestone,  4  feet  of  shale,  and  10  feet  of 
light-gray  limestone  which  disintegrates 
easily.  Great  quantities  of  the  peculiar 
fossil,  Fusulina,  occur  in  the  basal  part 
of  the  Lecompton  limestone.    It  is  a  fora- 


minifer  of  elongated  oval  form,  generally 
about  a  quarter  of  an  inch  in  length, 
and  is  common  also  in  higher  limestones. 
The  shale  that  overlies  the  Lecompton 
limestone,  known  as  the  Tecumseh  shale, 
is  about  75  feet  thick  and  includes  two 
thin  limestone  beds  which  make  riffles  in 
the  river. 
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terraces  or  the  south  side  that  extend  to  the  foot  of  a  wooded  bluff 
capped  by  ledges  of  limestone. 

Near  Lakeview  several  old  sections  of  river  channel  or  oxbows  are 
conspicuous.     They  are  now  abandoned  by  the  main  stream,  which 

•passes  north  of  them,  but  are  in  part  filled  with  water. 

Features  of  this  sort  are  common  along  streams  flow- 

taMOtytfuBflt.  ^B  m  a  ^de  alluvial  flat,  for  in  nearly  every  freshet 

sand  banks  accumulate  which  dam  up  an  old  course 
for  a  few  miles  while  a  new  channel  is  scoured  out  by  the  strong 
current  deflected  in  another  direction. 

Long  ago  Kansas  River  cut  its  valley  about  as  deep  as  is  possible 
with  the  low  grade  finally  attained,  and  since  that  time  the  flats  have 
been  in  process  of  being  built  up.  The  valley  is  being  widened,  how- 
ever, for  every  few  miles  along  its  course  the  stream  cuts  into  its  banks 
and  removes  more  or  less  of  the  limestone  and  shale.  This  cutting 
shifts  in  location  from  time  to  time,  and  some  of  these  old  cut  banks 
now  rise  from  old  channels  long  ago  abandoned.  As  its  banks  are 
cut  back  the  river  valley  gradually  widens,  and  if  the  process  con- 
tinues sufficiently  long  the  side  valleys  also  will  be  widened  in  the 
same  manner  and  the  adjoining  highlands  disappear. 

In  the  region  west  of  Lawrence  the  ice  sheet  of  the  Kansan  glacial 
stage  extended  several  miles  south  of  the  present  Kansas  River  valley, 
for  the  south  margin  of  the  drift  covers  the  greater  part  of  the  high 
ridge  between  that  river  and  the  valley  of  Wakarusa  Creek.  The 
drift  margin  continues  in  this  position  to  Topeka  and  beyond,  but  it  is 
hardly  perceptible  to  the  traveler  on  the  railway,  which  follows  the 
relatively  recent  river  bottom.  The  rolling  hills  that  can  be  seen  on 
the  upland  in  places  north  of  the  river  consist  largely  of  glacial  drift. 

Lecompton  (see  sheet  2,  p.  22)  was  the  capital  of  Kansas  Territory 
from  1855  to  1861  and  was  named  from  D.  S.  Lecompte,  chief  justice 

of  the  Territory.  It  was  a  noted  proslavery  strong- 
Lecompton.  hold  and  a  rival  to  Lawrence.    The  "  Lecompton  con- 

ruvatkm  we  feet.  stitution,"  under  which  the  proslavery  party  wished 
Ki^SwM'miies.  Kansas  to  become  a  State,  was  drawn  up  at  a  consti- 
tutional convention  called  at  Lecompton  in  1857. 
This  constitution  was  overwhelmingly  defeated  by  popular  vote. 
Toward  the  end  of  the  free-soil  troubles  the  Territorial  legislature  was 
accustomed  to  convene  in  Lecompton  and  adjourn  at  once  to  Law- 
rence. Those  days  of  political  turmoil  are  happily  past,  and  now 
Lecompton  is  a  quiet  little  village. 

Between  mileposts  38  and  39  the  Lecompton  limestone  crops  out 
in  ledges  south  of  the  track  for  some  distance,  but  farther  west  there 
arc  wooded  slopes  which  show  limestone  only  at  intervals.  These 
slopes  continue  beyond  Grover. 

97579°— BuU.  613—15 2 
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Tecumseh. 

Elevation  862  feet. 
Population  1,024* 
Kansas  City  62  miles 


Tecumseh  is  on  a  low  terraced  slope  in  a  sharp  bend  of  -the  river. 

The  name  is  that  of  a  Pawnee  chief  and  means 
panther.  From  Tecumseh  low  river  terraces  extend 
westward  for  nearly  a  mile,  to  a  point  at  which 
they  give  place  to  a  wide,  low  flat  that  extends  to 
Topeka. 
Topeka,  the  State  capital,  is  one  of  the  largest  cities  in  Kansas.  It 
has  broad,  well-pared  streets,  with  parking  and  shade  trees.     Its 

name  is  an  Omaha  Indian  word  signifying  the  so- 
called  Indian  potato.  It  is  a  division  point  on  the 
Santa  Fe  Railway  and  the  place  of  convergence  of 
several  branch  lines  and  other  railways.  The  general 
offices  and  extensive  shops  of  the  Santa  Fe  system 
are  situated  here,  and  there  are  many  factories  and  local  industries 
of  various  kinds,  including  quarries,  brickyards,  sand  pits,  large  flour 
mills,  and  what  is  said  to  be  the  largest  creamery  in  the  world.     It 


Admire  shale 

Emporia  Itmestone 9' 


Willard  shale 150  =S=i3 


Burl  in  game  limestone  _, 
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Topeka. 

Elevation  886  feet. 
Population  43,684. 
Kansas  City  66  miles 


Scranton  shale 170 

Howard  limestone....  10 
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Topeka  limestone  20-25, 

Calhoun  shale 50 , 
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Tecumseh  shale 


*1 


* 


fr, 


* 


♦•i 


zny  TTrP  i '  i '    '    '    '  ■   ■ 


Figube  3.— Section  showing  succession  of  rocks  in  plateau  south  of  Topeka,  Kans. 

was  from  Topeka  that  the  Santa  Fe  Co.  began  building  a  railway 
westward  in  1869,  but  it  did  not  reach  Santa  Fe  until  1880. 

Topeka  was  the  scene  of  many  riots  during  the  conflict  between  the 
abolitionists  and  the  advocates  of  slavery.  Here  in  1856  the  Free  Soil 
legislature,  meeting  in  opposition  to  the  proslavery  legislature,  was 
dispersed  by  United  States  troops  acting  under  orders  from  President 
Pierce.  Five  years  later,  after  numerous  elections  and  conflicts,  the 
first  State  legislature  assembled  in  Topeka. 

On  leaving  Topeka l  the  train  goes  nearly  south  up  the  valley  of 
Shonganunga  Creek  and  then  up  one  of  its  branches  which  heads  at 
the  top  of  the  plateau.  The  ascent  is  made  by  a  moderate  grade, 
about  125  feet  in  5  miles.  This  plateau  is  made  up  of  a  succession  of 
limestones  and  shales,  3hown  in  figure  3.     A  few  ledges  of  limestone 


1  Mileposts  from  Topeka  to  Isleta  indicate  distance  from  Atchison. 
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crop  out  in  the  slopes  of  these  valleys.  These  beds  are  of  late  Car- 
boniferous age  and  slope  at  a  very  low  angle  to  the  west. 

A  mile  south  of  Pauline  the  railway  crosses  the  line  of  the  old  high 
valley  through  which  in  glacial  time  Kansas  River  flowed  across  the 

divide  into  the  valley  of  Wakarusa  Creek.  This 
Pauline.  deflection  of  the  drainage  to  the  south  was  probably 

^^^i1'089^"  caused  by  the  advance  of  the  great  ice  sheet  south- 
ward between  Lawrence  and  Topeka.  The  ice 
blocked  up  the  older  channel,  which  was  in  a  general  way  coincident 
with  that  of  the  present  valley  but,  as  explained  on  page  10,  at  a 
higher  level,  for  the  old  channel  across  the  divide  is  about  150  feet 
above  the  present  river.  It  is  marked  by  a  broad  depression  and 
especially  by  deposits  of  sand  and  numerous  bowlders,  some  of  them 
very  large  and  easily  recognized  as  having  been  brought  by  the  ice 
from  regions  far  to  the  northwest.  The  relations  of  this  stream 
deposit  are  not  well  exposed  along  the  railway  but  are  clearly  exhib- 
ited along  the  stream  and  slopes  northwest  of  Pauline  station. 

At  the  time  when  the  river  passed  in  this  direction  it  carried  the 
drainage  of  the  west  side  of  the  glacial  ice  from  the  Dakotas  and 
Nebraska  far  to  the  north,  and  its  volume  was  therefore  much  greater 
than  at  present.  It  cut  a  valley  toward  the  east,  now  occupied  by 
Wakarusa  Creek,  which,  however,  has  deepened  its  channel  consider- 
ably, leaving  remnants  of  the  old  deposits  on  the  valley  sides. 

West  of  Pauline  the  land  rises  abruptly  in  a  step  due  to  the  outcrop 
of  a  hard  bed  of  limestone.  This  step  or  ridge  is  a  conspicuous 
feature  for  the  next  40  miles,  the  railway  skirting  the  shale  slopes  and 
plains  at  various  distances  from  its  foot.  The  succession  of  cliffs 
due  to  the  hardness  of  limestone  and  of  slopes  due  to  the  softness  of 
shale  is  characteristic  of  the  eastern  part  of  Kansas,  especially  in  the 
drift-free  area  south  of  Kansas  River.  The  rocks  consist  of  alterna- 
tions of  beds  of  hard  limestone,  mostly  from  5  to  25  feet  thick,  and  of 
shale,  from  25  to  100  feet  thick  except  the  Lawrence  shale,  whose 
thickness  is  200  feet.  The  beds  all  dip  at  a  slight  angle  to  the  west, 
and  as  the  country  is  rolling  upland,  the  limestone  beds  rise  in  sloping 
ledges,  usually  terminated  on  the  east  by  cliffs  of  varying  degrees 
of  prominence.  These  cliffs  cross  the  country  from  north  to  south 
at  intervals  of  3  to  5  miles,  the  distance  depending  on  the  thick- 
ness of  the  intervening  shales  and  in  some  places  on  slight  variations 
ii^  the  dip.  From  a  high  point  in  this  area  can  be  seen  the  long 
westward-sloping  steps  of  limestone  and  the  intervening  rolling 
plains  and  gentle  slopes  of  shale. 

Nearly  all  of  the  area  is  in  a  high  state  of  cultivation,  producing 
large  crops  of  grains  and  vegetables.  The  soil  is  rich,  and  a  fair 
proportion  of  the  rainfall,  which  averages  35  inches  a  year,  comes  at 
the  time  when  crops  are  growing. 
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Wakarusa. 


A  short  distance  south  of  Pauline  the  summit  of  the  divide,  which  is 
on  the  Scran  ton  shale,  is  reached  at  an  altitude  of  1,050  feet;  thence 

there  is  a  down  grade  to  the  village  of  Wakarusa. 

Here  the  railway  crosses  Wakarusa  Creek  at  a  point 
Elevation  948  feet.       where  the  stream  has  cut  through  the  shales  to  the 

Kansas  City  78  miles.    «,,,.  ,  ,     ,  #       i_-  i_    •  ,   .       A, 

Topeka  limestone,  a  ledge  of  which  is  exposed  in  the 
shallow  railway  cut  a  few  rods  north  of  the  station.  South  of  Wak- 
arusa the  track  rises  from  the  creek  valley  to  a  rolling  plain,  whose 
altitude  is  from  1,000  to  1,075  feet.  At  milepost  64  a  4-foot  bed  of 
limestone  is  crossed  by  the  railway.  In  the  higher  portions  of  the 
ridges  traversed  in  the  next  3  miles  there  are  several  cuts  in  shales, 
some  of  which  expose  thin  included  beds  of  limestone. 

Between  Carbondale  and  Osage  there  are  many  small  coal  mines 
and  numerous  abandoned  pits  and  long  open  cuts.     Several  of  the 

mines  produce  a  moderate  amount  of  coal  for  local 
use  and  for  shipment  to  various  places  in  eastern 
Kansas.  They  are  from  10  to  140  feet  deep,  and  at 
most  localities  the  bed  is  from  16  to  22  inches  thick. 
Some  of  the  coal  has  been  mined  by  stripping  off  the 
soil  and  debris  and  more  or  less  shale  along  the  outcrop,  but  to  the 
west,  as  the  dip  carries  the  coal  deeper,  it  is  reached  by  shafts. 
For  many  years  this  field  was  the  principal  source  of  supply  of  fuel 
for  the  Santa  Fe  Railway,  and  several  of  the  mines  were  worked 
by  the  railway  company  until  other  sources  of  coal  were  developed. 
In  1893  and  1894  the  annual  output  exceeded  200,000  tons.  The 
coal 1  is  bituminous,  and  although  it  i3  not  all  of  high  quality  this 
thin  bed  has  been  worked  with  considerable  profit.  It  i3  known  to 
extend  to  Lebo  and  Neosho  Rapids,  and  it  is  only  about  250  feet 
deep  at  Emporia. 

About  the  coal  mines  from  Carbondale  to  Osage  are  heaps  of  gray 
shale  excavated  in  sinking  shafts  and  extending  the  coal  chambers. 
In  places  where  this  debris  has  contained  considerable  coal  waste  it 
has  been  ignited  at  times  by  spontaneous  combustion  and  the  heat 
has  given  it  a  bright-red  color,  which  makes  the  piles  conspicuous. 
The  Howard  limestone  is  traversed  a  short  distance  north  of  milepost 


Carbondale. 

Elevation  1,074  feet 
Population  461. 
Kansas  City  84  miles. 


1  Coal  consists  of  carbonaceous  mate- 
rial, originally  trees  and  other  plants  of 
various  kinds,  that  accumulated  in 
swamps  and  was  finally  covered  by  mud. 
At  the  time  when  such  material  accumu- 
lated in  this  region  it  was  an  area  of  wide- 
spread swamps  and  morasses  with  rank 
vegetation.  Later  it  was  covered  by  the 
sea,  in  which  were  deposited  the  materials 
now  represented  by  the  limestone  and 
shale.    The  coal  bed  is  only  a  few  feet 


below  the  Howard  limestone,  which  is 
therefore  a  guide  to  the  location  of  the 
coal.  The  limestone  and  shale  in  this 
region  are  of  the  same  age  (Carboniferous) 
as  the  rocks  which  contain  the  great  de- 
posits of  coal  in  Pennsylvania,  West  Vir- 
ginia, Indiana,  Illinois,  Ohio,  Tennessee, 
and  Alabama.  Here,  however,  deeper 
water  prevailed  for  much  of  the  time  and 
conditions  favorable  to  the  accumulation 
of  coal  were  relatively  transient  and  local. 
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Seranton. 


70,  on  the  descent  to  Hundred  and  Ten  Mile  Creek,  which  is  crossed 

1  mile  north  of  Seranton. 
The  principal  industry  about  Seranton  is  coal  mining,  but  in  the 

surrounding  country  there  are  also  extensive  agricul- 
tural interests.     From  Seranton  southwest  and  west 

Elevation  1,100  feet  ,  , 

Population  770.  to  Burlingame  the  route  crosses  a  nearly  smooth 

Kansas  city  87  miles,   plain  of  shale  which  extends  far  to  the  east  and  for 

some  distance  to  the  west. 
At  Burlingame  the  railway  crosses  the  line  of  the  Santa  Fe  Trail 

from  Kansas  City  to  Santa  Fe,  N.  Mex.1    This  trail  followed  the  top 

of  the  plateau  from  Olathe  and  went  west  from  Bur- 
lingame 30  miles  to  Council  Grove,  which  was  an 
important  depot.  Quantrell  planned  to  raid  the  town 
of  Burlingame  in  1863,  while  the  men  were  absent  in 
the  Army,  but  the  women  built  a  fort  of  rocks  and 

held  their  ground  for  six  weeks  until  Union  soldiers  came  to  their 

assistance.    This  town  was  named  for  Anson  Burlingame,  formerly 

United  States  minister  to  China. 


Burlingame. 

Elevation  1,045  feet. 
Population  1,422. 
Kansas  City  02  miles. 


1  This  famous  old  highway  was  about 
850  miles  long.  From  1804  to  1821  it  had 
been  traveled  by  a  few  trading  expedi- 
tions using  pack  animals,  but  in  1821  it 
was  formally  opened  for  wagon  travel, 
and  caravans  of  "prairie  schooners'1  and 
large  wagons  began  to  make  their  trips  to 
the  excellent  market  of  Santa  Fe,  then 
an  important  Government  and  commer- 
cial distributing  city  of  the  northern  part 
of  old  Mexico,  and  a  point  from  which 
highways  and  trails  extended  down  the 
valley  of  the  Rio  Grande  and  elsewhere. 
Later,  after  the  United  States  had  ac- 
quired the  region,  until  the  Santa  Fe  Rail- 
way was  built,  the  trail  was  one  of  the 
great  emigrant  routes  to  the  Southwest. 
At  first  the  traders  made  only  one  trip  a 
year,  starting  early  in  summer,  as  soon 
as  the  pasturage  was  promising,  and  arriv- 
ing at  Santa  Fe  in  July.  Early  in  the 
sixties  the  trade  had  increased  to  so  great 
an  extent  that  the  caravans  started  every 
few  days,  and  many  were  on  the  road  dur- 
ing the  Beason  favorable  for  such  travel. 

The  ordinary  caravan  consisted  of  26 
wagons,  each  drawn  by  five  teams  of 
mules  or  five  yoke  of  oxen,  but  often  there 
were  100  wagons  in  a  caravan,  divided 
into  four  divisions,  a  lieutenant  having 
charge  of  each  division  under  the  com- 


mand of  an  elected  captain  of  the  whole 
party.  A  day's  journey  was  about  15 
miles,  but  varied  slightly  with  the  dis- 
tances to  camping  places.  At  night  the 
wagons  were  formed  into  a  hollow  square 
inside  which  camp  was  made  and  the 
horses  were  corralled.  Outposts  were 
maintained  for  sentry  duty,  as  the  Indians 
often  attacked  such  parties  just  at  dawn. 

East  of  Council  Grove  there  was  little 
to  fear  from  the  Indians,  who  were  friendly 
to  the  white  men.  The  Kansa  tribe  of 
Sioux  had  settled  at  the  mouth  of  Kan- 
sas River  but,  persuaded  by  gifts,  they 
abandoned  one  settlement  after  another 
as  immigration  progressed.  So  accom- 
modating a  spirit  was  not  found  among 
the  tribes  of  the  central  Great  Plains. 
The  earlier  trappers  and  frontiersmen  had 
found  most  of  these  Indians  amicable, 
but  misdeeds  by  individuals  of  both 
races  led  to  general  bad  feeling  and  con- 
vinced the  Indians  that  they  had  nothing 
to  gain  from  friendliness.  Their  hostility 
added  greatly  to  the  danger  of  travel  on 
a  trail  that  was  already  perilous  enough 
through  its  lack  of  water  and  its  physical 
obstacles. 

In  1850  there  were  about  500  wagons 
and  about  5,000  animals  in  the  service, 
and  in  1866  there  were  3,000  wagons.    On 
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Several  coal  mines  are  worked  in  the  vicinity  of  Burlingame.  A 
short  distance  west  of  the  railway  rises  a  prominent  ledge  of  the 
Burlingame  limestone,  of  which  this  is  the  type  locality. 

Beyond  Burlingame  the  railway  goes  south  and  east  of  south 
across  an  undulating  plain,  making  shallow  cuts  through  the  Scran  ton 
shalo,  which  lies  between  the  Howard  limestone  and  the  Burlingame 
limestone. 

At  Osage  the  Santa  Fe  crosses  the  Missouri  Pacific  Railway.  The 
city  is  named  from  the  Osage  Indians,  a  branch  of  the  great  Siouan 

family,  some  of  whom  formerly  lived  near  the  Kansa 
Osage.  Indians,  north  of  the  Arkansas.     In  addition  to  its 

Elevation  1,077  feet,  coal-mining  industry,  it  is  the  center  for  the  sur- 
K^atyMnmiies.  rounding  farming  community.     The  rolling  plain  of 

shale  continues  from  Osage  southwestward  to  Read- 
ing. The  highest  altitudes  attained  on  the  divides  are  1,165  feet, 
or  slightly  higher  than  in  the  region  to  the  north. 


some  tripe  as  many  as  180  yoke  of  oxen 
would  haul  two  trains  of  wagons.  In  1849 
regular  coach  service  carrying  mail  from 
Independence  to  Santa  Fe  was  started, 
and  in  1862  the  service  was  daily.  The 
trip  required  two  weeks.  The  coaches 
carried  11  passengers,  who  were  charged 
$250  each  for  the  trip,  including  meals. 
The  cost  of  the  trip  from  Kansas  City  to 
Santa  Fe  now,  including  meals  and 
sleeper,  is  less  than  $35  and  the  time  re- 
quired is  15  hours.  Express  charges  for 
carrying  money  were  $1  a  pound  for  gold 
or  silver. 

The  Santa  Fe  Railway  follows  the  old 
trail  in  general,  but  in  places  the  two  are 
not  very  close  together.  In  eastern  Kan- 
sas there  were  several  lines  of  travel. 
One  began  at  Independence,  Mo.,  a  short 
distance  east  of  Kansas  City,  crossed  the 
river  to  Westport,  passed  through  the  hills 
in  Kansas  City,  and  then  went  by  Olathe 
and  Gardner  over  the  plateau  southeast- 
ward to  Council  Grove,  a  famous  rendez- 
vous 25  miles  northwest  of  the  present 
city  of  Emporia.  About  halfway  to 
Council  Grove  it  was  joined  by  a  route 
from  Fort  Leavenworth,  where  most  of 
the  Government  troops  outfitted.  The 
Santa  Fe  Railway  now  crosses  this  part  of 
the  trail  near  Olathe  and  again  near  Bur- 
lingame, about  halfway  between  Topeka 
and  Emporia.    West  of  Council  Grove  the 


trail  passed  through  the  southern  part  of 
the   city  of   Lyons,    reaching   Arkansas 
River  near  Ellin  wood,  a  short  distance 
east  of  Great  Bend.    From  this  place 
westward  it  followed  the  north  bank  of  the 
river,  in  greater  part  within  a  very  short 
distance  of  the  course  now  taken  by  the 
railway,  but  in  Colorado  it  kept  on  the 
north  bank  to  Bents  Fort,  above  Las 
Animas,  where  it  crossed  to  the  south  side 
of  the  river.    From  this  point  into  New 
Mexico  the  trail  led  southwestward,  along 
a  course  very  near  the  line  of  the  present 
railway  which  crosses  and  recrosses  it  all 
the  way  to  Raton.    South  of  that  place 
the  trail  went  through  Cimarron  to  Fort 
Union,  near  Watrous,  thence  to  Las  Vegas 
and  across  the  Glorieta  Pass  to  Canyon- 
cito,  whence  it  turned  north  to  Santa  Fe. 
A  short-cut  branch  crossed  the  Arkansas 
above  Dodge  and  went  southwest  to  the 
Cimarron  Valley  and  thence  to  Wagon 
Mound  and  Fort  Union.     Along  much 
of  its  course   the  old    trail   is  marked 
by  granite  monuments  erected   by  the 
Daughters  of  the  American  Revolution. 
(See  view  of  typical  monument  given 
in  PI.  II,  A.)    The  tracks  of  the   trail 
are  200  feet  wide  in  many  places  and  con- 
sist of  old  ruts  deeply  scored  into  the  sand . 
Sunflowers  spread   westward   along   the 
entire  length  of  the  trail  and  now  mark  its 
course  at  many  places. 


GRANITE  MARKER  OF  SANTA  FE  TRAIL. 


B.     RESTORATION  OF  MAMMOTH. 
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Just  south  of  Barclay  the  ledgo  of  Burlingame  limestone  is  promi- 
nent to  the  west,  and  several  small  outliers  of  it  cap  knolls  that  stand 
_  east  of  the  railway. 

West  of  Reading  the  railway  turns  to  the  west  and 
Population  681  *  within  2  miles  rises  over  the  ledge  of  Burlingame  lime- 
Kansas  city  ios  miles,  stone,  then  goes  across  75  feet  of  the  overlying  Willard 

shale  to  the  Emporia  limestone,  which  begins  on  a 
Reading.  divide  half  a  mile  beyond  milepost  100.     This  bed  is 

Elevation  1,074  feet,     crossed  again  in  the  next  divide  to  the  southwest,  and 
Population  aw.  alg0  on  the  down  grade  descending  to  Neosho  River, 

g«««fr«  City  112  miles.  .   ,     .  -  .,  °  ' 

which  is  reached  near  milepost  108.  The  Neosho  is  a 
stream  of  moderate  size  carrying  the  drainage  of  a  wide  area  of  east- 
central  Kansas.  In  its  north  bank  are  bluffs  of  the  Willard  shale. 
South  of  the  river  is  a  long,  wide  flat  extending  4  miles  to  and  into 
Emporia.     A  mile  east  of  the  station  at  that  place  this  line  is  joined  by 

the  Ottawa  cut-off  from  Holliday. 

Emporia.  Emporia,  the  county  seat  of  Lyon  County,  is  an 

Elevation  1,134  feet,     important  business  center  for  a  wide  area  of  farming 

Ka^n't/i27  miles  country  and  is  the  site  of  the  State  Normal  School, 

by    Topeka    (112  which   has  2,600  students.     Emporia  is    the    type 

mites  by  Ottawa).     jocaj^y  0f  ^he  Emporia  limestone,  which  here  passes 

underground  on  its  westward  dip. 

[The  itinerary  west  of  Emporia  is  continued  on  p.  22.] 

HOLLIDAY  TO   EMPORIA   BY    WAY   OF   OTTAWA.1 

Some  of  the  trains  on  the  Santa  Fe  Route  now  divergo  from  the  old 
line  at  Holliday  and  tr,ko  a  more  direct  line  nearly  straight  southwest 
by  the  Ottawa  cut-off.  This  line  runs  over  the  plateau  between 
Kansas  and  Osago  rivers,  then  up  the  valley  of  the  latter  for  some 
distance,  and  finally  across  the  low  but  wide  divide  to  Neosho  River. 
On  this  line  the  railway  crosses  wide  areas  of  shale  and  gradually 
rises  from  one  limestone  ledge  to  another  in  the  great  succession  of 
rocks  of  later  Carboniferous  age  that  constitute  the  surface  of  eastern 
Kansas.  The  outcrops  of  these  limestones  extend  from  southwest  to 
northeast  across  the  country  in  lines  of  low  cliffs,  above  some  of  which 
are  bare  rocky  slopes  of  varying  width.  As  the  beds  dip  to  the  west, 
each  bed  of  limestone  passes  in  succession  beneath  the  overlying 
shale,  so  that  the  beds  which  crop  out  in  the  bluffs  near  Kansas  City 
lie  several  hundred  feet  below  the  surface  at  Emporia.  These  rela- 
tions are  shown  in  the  cross  section  on  sheet  1  (p.  14).  On  the  other 
hand,  the  upper  beds  of  limestone  and  shale,  which  crop  out  at  the 
surface  in  the  western  part  of  the  area,  originally  extended  far  to  the 
east,  but  they  have  been  removed  by  erosion  down  to  the  general 
level  of  the  country 

1  The  mileposts  on  this  line  indicate  distance  from  Kansas  City. 
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There  is  a  vast  quantity  of  limestone  in  this  region,  part  of  it  in 
beds  too  thin  to  be  useful,  but  some  of  it  in  thick  deposits  and  con- 
sisting of  nearly  pure  calcium  carbonate.  This  rock  is  utilized  at 
Iola,  Independence,  and  other  places  in  Kansas  and  elsewhere  for 
the  manufacture  of  Portland  cement.1 

On  leaving  Holliday,  the  train  ascends  the  valley  of  Mill  Creek  to 
its  head  at  Olathe,  a  distance  of  12  J  miles  and  a  rise  of  about  260 
feet.  This  valley  is  excavated  in  the  beds  that  constitute  the  bluffs 
at  Kansas  City  and  Argentine.  Several  beds  of  shale  are  exposed, 
and  many  ledges  of  limestone  extend  along  the  valley  sides. 

Olathe  (o-lay'the,  th  as  in  thin;  Shawnee  for  beautiful)  is  on  the 
summit  of  the  plateau  which  is  traversed  by  the  railway  for  many 

miles  toward  the  southwest.     This  plateau  is  mostly 
Olathe.  covered  by  shale.     At  long   intervals   the  railway 

Elevation  1,023  feet,     descends  into  shallow  valleys,  most  of  them  exposing 
SKy^ta.  ledges  of  underlying  limestones. 

At  Olathe  the  railway  crosses  the  line  of  the  Santa 
Fe  Trail,  which  is  described  in  the  footnote  on  pages  17-18. 

The  trail  lies  a  short  distance  north  of  the  railway  from  Olathe 
through  Gardner  and  Edgerton,  but  near  Edgerton  it  diverges  toward 

the  west,  going  through  Baldwin,  which  was  formerly 
the  well-known  Palmyra  stage  station.  A  short  dis- 
tance west  of  Wellsville  the  railway  track  crosses  a 
thin  ledge  of  limestone  and  enters  a  broad  area  of 
shale.  At  Ottawa  Junction  (North  Ottawa)  the  main 
line  is  crossed  by  a  branch  of  the  Santa  Fe  system 
Elevation  gee  feet.  which  extends  from  Lawrence  southward  to  Tulsa, 
Kansas  city  40  miles.   Okla.     A  mile  south  of  the  junction  is  tbe  town  of 

Ottawa,  which  has  a  population  of  7,650  and  is  the 
county  seat  of  Franklin  County.  Ottawa  is  a  locally 
important  center  and  has  several  manufactories,  most 
of  them  operated  by  water  power  from  Osage  River, 
which  passes  through  the  town.  In  borings  at  this 
place  natural  gas  is  obtained  from  sandstone  at 
depths  of  435,  665,  803,  and  1,060  feet.  Some  years 
ago  the  skeleton  of  a  mammoth  was  dug  up  on  Main 


Gardner. 

Elevation  1,065  feet. 
Population  514. 
Kansas  City  34  miles. 

Edgerton. 


Wellsville. 

Elevation  1,043  feet. 
Population  648. 
Kansas  City  46  miles. 

Ottawa  Junction. 

Elevation  915  feet. 
Kansas  City  57  miles. 


1  Cement  is  made  by  burning  a  mixture 
of  ground  limestone  and  shale  and  grind- 
ing the  resulting  clinker  to  a  very  fine 
powder.  In  some  places  clay  or  loam  is 
used  instead  of  shale.  Some  limestones 
contain  naturally  a  suitable  admixture  of 
the  clay  element  for  the  manufacture  of 
hydraulic  cements,  but  the  term  Portland 
is  generally  applied  only  to  cements  pro- 
duced by  burning  an  artificial  mixture, 
as  described.  Many  of  the  thick  beds  of 
"mestone  exposed  from  Kansas  City  west- 

rd  could  be  utilized  for  cement  manu- 


facture, but  at  present  there  would  be 
difficulty  in  competing  with  the  southern 
Kansas  product  owing  to  the  advantage 
afforded  by  a  natural-gas  fuel  supply  to 
the  plants  located  farther  south.  More- 
over, the  cement  market  appears  to  be 
amply  supplied  by  plants  now  in  opera- 
tion at  many  places  in  the  United  States. 
The  shale  in  the  region  from  Kansas  City 
westward  could  be  utilized  more  exten- 
sively for  tile,  brick,  and  other  similar 
products  if  fuel  were  cheaper  or  if  the 
local  demand  were  sufficient. 
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Street  in  Ottawa,  and  remains  of  others  have  been  found  in  the 
vicinity.  These  large  animals,  which  were  closely  similar  in  form  to 
the  elephant,  were  abundant  in  the  United  States  thousands  of 
years  ago,  together  with  various  other  species  long  extinct.  A  res- 
toration of  the  principal  variety  of  mammoth  is  shown  in  Plate  II,  B 
(p.  18).  At  Ottawa  Junction,  just  south  of  the  railway,  is  a  factory 
where  tiles,  brick,  etc.,  are  manufactured  from  shale. 

West  of  Ottawa  Junction  the  railway  follows  the  low  flats  on  the 
north  side  of  the  valley  of  the  Osage  (see  sheet  2,  p.  22)  to  a  point  1 J 

miles  west  of  Pomona,  where  it  crosses  that  stream. 
Pomona.  it  recrosses  to  the  north  bank  just  east  of  Quenemo, 

Elevation  923  feet.  This  river  was  named  the  Marais  des  Cygnes  (swamp 
K«Lescity68 miles.   °f  the  swans)  by  the  early  French  trappers,  from  the 

fact  that  large  numbers  of  swans  frequented  its 
marshy  bottom  lands  during  the  winter. 

At  Quenemo  the  Santa  Fe  Railway  is  crossed  by  one  of  the  lines 
of  the  Missouri  Pacific  system.     This  place  was  named  for  an  Ottawa 

Indian  who  lived  among  the  Sac  and  Fox  tribes  near 
Quenemo.  Melvern.     The   surface   rock   of   the   valley   in   this 

Elevation  941  feet.  region  is  shale,  which  is  exposed  in  some  of  the  cuts, 
KiLasCityrainiies.   notably  in  one  20  feet  deep  a  short  distance  east  of 

milepost  60.  Most  of  the  lower  slopes  of  the  valley 
are  occupied  by  deposits  of  sand  and  gravel  laid  down  by  the  river. 
Near  Pomona  the  slopes  on  both  sides  of  the  valley  are  surmounted 
by  low  cliffs  of  Oread  limestone  in  two  or  three  prominent  ledges. 
These  beds,  by  their  slight  westward  dip  and  the  rise  of  the  valley  in 
the  same  direction,  are  finally  brought  to  water  level  and  crossed  by 
the  railway  at  Melvern. 

At  Melvern  the  railway  rises  out  of  the  Osage  Valley  and  the  rail- 
way cuts  expose  in  close  succession  a  number  of  limestones  and  at 

several  places  the  intervening  shales.  At  Ridgeton, 
Mel?ern.  west  of  Olivet,  the  railway  regains  the  summit  of  the 

Elevation  904  feet.  plateau  at  an  elevation  of  1,125  feet,  or  about  100  feet 
Kansas  ci?y  so  miles,   higher  than  in  the  region  southwest  of  Olathe.     On 

the  summit  there  is  a  very  instructive  view  to  the 
OllTet  northwest,  showing  a  succession  of  steps  formed  by 

Elevation  1,136  feet,  the  outcrop  of  the  thin  but  hard  ledges  of  limestones, 
Popuiatton904.*         separated  by  long  slopes  of  the  intervening  shales. 

This  entire  region  is  under  cultivation,  with  fields  of 
various  crops  and  extensive  pastures. 

From  Olivet  to  Neosho  Rapids  there  is  a  continuous  rolling  plain  of 
shale,  interrupted,  between  milesposts  92  and  93,  by  a  slope  formed 
by  the  gently  inclined  upper  surface  (dip  slope)  of  the  Howard  lime- 
stone, a  relatively  hard  bed  only  about  1  foot  thick. 
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The  coal  bed  lying  below  the  Howard  limestone  has  been     T 

at  mines  in  the  vicinity  of  Lebo.     This  coi  ( ., 
Lebo*  same  bed  that  is  worked  in   the  neighbor^  \[  4   \  ..«»' 

Elevation  i,i65 feet.     Scranton  and  Osage.    (See  pp.  17, 18.)    The  I  "l:-;t-  -  ; 

Population  660.  x       <rt     .       -  .-~-  ,    .  rr  .      '         '      x   .    J     '*  -•  ' /!  r-'i    - 

Kansas  city  94  miles,   to   16  mches  thick  and  is  mined  by  stnppj      y  J^   j 

tunneling.  V^/K-  ( 

At  Neosho  Rapids  the  railway  reaches  the  bank  of  Neosbl^ifeii!^8^ 
a  large  stream  flowing  in  a  wide  valley  floored  with  thicktO  ^£ 

sand  and  loam  it  has  itself  deposited.     Neosj^^r^  hJ 

Neosho  Rapids.    Jnciian  word  meaning  clear,  cold  water. ^ , 

Elevation  1,092 feet.     js  followed  as  far  as  Emporia.     Near  milepl  ')$>\ 

Population  21*16.  .  .  ^    --■  *  ** 

Kansas  city  102  miles,  the  railway  crosses  Cottonwood  River,  whic 


vicinity  occupies  the  same  wide  flat  as  the 
and  which  empties  into  that  stream  a  mile  to  the  east, 
accumulation  of  sand  and  loam  deposited  by  these  streams  1-.^ 
duced  their  slope  and  compelled  them  to  follow  very  crooked 
Near  Emporia  the  Burlingame  limestone,  which  slopes  do 
the  east,  crosses  the  valley  of  the  two  rivers,  but  it  is  covere 
alluvial  deposits  so   that   its   precise  location  underground 
known.     A  mile  east  of  Emporia  the  main  line  from  Holliday 
of  Topeka  joins  the  Ottawa  cut-off.     Near  this  place  the  San 
crossed  by  a  line  of  the  Missouri,  Kansas  &  Texas  Railway,  p 
known  as  "  The  Katy." 

MAIN  LINE   WEST  OF   EMPORIA. 


■v  •. 


>bv'i 


;"o 


West  of  Emporia  the  railway  passes  over  the  flat  bottom  1 
the  north  side  of  Cottonwood  River  to  Florence,  a  distance' 
miles.     The  valley  is  wide  near  Emporia  and  as  far  west  as  Si 
ville,  and  the  shale  slopes  on  the  north  and  south  rise  gradu 
plateaus  capped  by  limestone. 

At  Saffordville  siding  the  Cottonwood  Valley  is  much  narrowi 
the  limestone  caps  on  the  adjacent  shale  ridges  are  conspicuous. 

limestone  ledge  is  a  short  distance  above  the  f fii?F$ 
Saffordville.  3Q  to  4Q  feet  iiig)ieTj  with  shales  intervening,  is  a 

Elevation  1,142  feet,     limestone.     These  two  limestone  beds  are  exp 

Kansas  City  139  mOW  .  ,       ■    .    .    .  -      *^     »  rts&r  i 

many  prominent  ledges  to  the  vicinity  of  Clen(/ ;^,S*> 
a  distance  of  22  miles.     The  lower  one  (the  Neva)  is  from  7  to 
thick,  and  in  the  outcrop  breaks  out  into  large  blocks  with 
angles  and  rough  surface  of  chalky-white  color.     The  Cotton\      \  * 
limestone,  the  upper  ledge,  is  one  of  the  most  continuous  and  i^s?^ 
marked   formations   of   Carboniferous    age   in   Kansas.     It  c*     .   " '] 
fossil  mollusks  of  numerous  species  that  are  characteristic  o^  ••' 

1  Distances  by  way  of  Topeka  are  given  for  places  west  of  Emporia.    To  gtf  ^Jr 
distance  traveled  by  way  of  the  Ottawa  cut-off  15  miles  should  be  deducted.       *^L.  * 

i    *2SPs 
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Permian  series  of  the  Carboniferous  system.  (See  table  on  p.  ii.) 
Its  upper  part  consists  largely  of  an  aggregate  of  the  fossil  f oraminif er 
Fusutina  cylindrica,  which  the  quarrymen  call  "rice"  on  account  of 
its  general  resemblance  to  grains  of  wild  rice.  In  the  vicinity  of 
Strong  City,  Clements,  and  Cottonwood  Falls  there  are  more  than 
20  large  quarries  in  this  limestone,  constituting  the  largest  quarrying 
industry  in  the  State.  The  stone  is  of  light  color,  uniform  texture, 
and  generally  so  free  from  joint  planes  that  blocks  of  almost  any 
desired  length  or  breadth  can  be  obtained.  The  two  layers  of  which 
the  formation  consists  in  most  places  are  only  from  2  to  3  feet  thick; 
locally  it  is  in  three  layers.  The  Cottonwood  stone  is  shipped  great 
distances  to  places  in  Kansas  and  adjoining  States. 

There  is  one  limestone  quarry  of  considerable  size  in  the  northern 
part  of  Strong  City  (see  sheet  3,  p.  26),  north  of  the  railway,  and  others 

a  mile  or  two  distant  on  the  south  side  of  the  river,  east 
Strong  City.  0f  Cottonwood  Falls.  Strong  City,  named  for  W.  B. 
Elevation  1,174  feet.     Strong,  a  former  president  of  the  Santa  Fe  Railway 

KaSascityH7mfles.  C°-i  ^  on  ^e  aorth  side  of  Cottonwood  River,  and 

the  city  of  Cottonwood  Falls  is  on  the  south  bank  of 
that  stream,  1  i  miles  south  of  the  railway  at  this  point.  At  Strong 
City  the  Neva  limestone  is  below  the  surface,  and  at  milepost  133 
the  Cottonwood  limestone  also  goes  under.  Within  a  short  distance 
to  the  west,  however,  both  of  them  are  brought  up  again  by  doming 
of  the  beds  (see  glossary,  p.  182),  so  that  near  Elmdale  they  are  mod- 
erately high  in  the  valley  slopes.  The  underlying  Eskridge  shale  also 
appears. 

A  boring  recently  made  on  the  crest  of  the  dome  near  Elmdale 
ha3  found  some  natural  gas,  but  the  amount  available  has  not  been 

fully  determined.  Petroleum  and  gas  occur  in  many 
Elmdale.  places  where  the  beds  are  domed,  because  structure 

Elevation  1,195  feet.  0f  this  kind  offers  a  favorable  condition  for  their 
Kansas  city  154  miles,  accumulation.    There  are,  however,  numerous  domes 

in  which  neither  gas  nor  oil  is  found,  so  that  this 
structure  is  not  always  evidence  of  their  presence. 

Clements  is  third  in  rank  among  the  cattle-shipping  towns  of 
Kansas.     A  large  number  of  cattle  brought  from  various  points  west 

of  this  town  are  wintered  here  and  fattened  for 
Clements.  market.    A  short  distance  beyond  Clements  is  a  small 

Elevation  1,222  feet     quarry  in  the  Cottonwood  limestone.     In  this  part 

of  the  valley  of  Cottonwood  River  the  slopes  are 
terraced  by  the  projection  of  hard  layers  of  limestone  as  tabular 
shelves  of  considerable  extent,  each  one  terminating  in  a  more  or  less 
prominent  cliff,  as  shown  in  figure  4  (p.  24).  In  places  there  are  three 
or  four  terraces  or  steps  made  by  the  succession  of  limestone  beds, 
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one  above  the  other,  sepaiated  by  softer  shales.     All  these  beds  dip 
to  the  west  and  are  thus  crossed  in  turn  by  the  railway.1 

In  this  valley  there  is  a  notable  difference  in  character  between  the 
bottom  lands,  which  have  a  deep,  rich  soil,  and  the  adjoining  slopes, 
where  the  soil  is  much  thinner  and  is  in  many  places  interrupted  by 
the  rock  outcrops.  The  valley  lands  are  nearly  all  in  a  high  state  of 
cultivation,  yielding  a  great  variety  of  farm  products.  At  many 
farms  the  traveler  will  see  the  round  towers,  mostly  of  concrete, 
known  as  silos,  in  which  corn  leaves  and  stalks  and  other  similar  green 
materials  are  kept  green  and  moist  to  serve  as  winter  fodder  for  stock. 


Figure  4.— Section  across  Cottonwood  Valley  southwest  of  Elmdale,  IZans.  Shows  the  terrace  or  steps 
produced  by  the  limestone  beds  and  the  gentler  slopes  composed  of  shales.  Cm,  Hatfield  shale;  Cwf, 
Wreford  limestone;  Cg,  Garrison  formation;  Cc,  Cottonwood  limestone;  Ce,  Eskridge  shale;  Cn,  Neva 
limestone;  Ced,  Elmdale  formation. 

Between  Clements  and  Cedar  Point  there  are  many  shallow  cuts  in 

the  shales  overlying  the  Cottonwood  limestone.  At 
Cedar  Point.  Cedar  Point  the  Wreford  limestone  is  crossed,  but  it 
Elevation  1,239  feet,     jg  exposed  only  in  a  few  ledges  in  the  slopes  north  of 

Kansas  City  166  miles.  Al_      ,        i 

the  track. 
A  short  distance  east  of  Florence  a  large  crusher  north  of  the  rail- 
road is  working  the  Florence  flint  and  overlying  Fort  Riley  limestone 
for  road  material. 

1  The  following  list  showB  the  beds  included  in  the  Permian  series  in  central  Kansas, 
also  their  character  and  average  thickness  near  the  Santa  Fe  Railway: 

Formations  of  Permian  age  in  central  Kansas. 

Sumner  group:  Feet. 

Wellington  shale:  Red  and  gray  shales 350 

Marion  formation:  Limestone  and  shale  with  gypsum  and  salt 

in  upper  part 160 

Chase  group: 

Winfield  formation:  Cherty  limestone  in  part  and  shale 25 

Doyle  shale:  Shale  with  thin  beds  of  limestone 60 

Fort  Riley  limestone:  Buff  limestone 40 

Florence  flint:  Limestone,  very  cherty 20 

Matfield  shale:  Shale  and  limestone 65 

Wreford  limestone :  Buff  cherty  limestone 45 

Garrison  formation:  Shales  and  limestone 145 

Cottonwood  limestone :  Light-colored  massive  limestone 6 
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Florence. 

Elevation  1,262  feet 


Florence,  named  for  Miss  Florence  Crawford,  of  Topeka,  is  a  junc- 
tion point  at  which  branches  to  the  north  and  south  leave  the  main 

line.    Beyond   Florence  the  railway  leaves  the  Cot- 
tonwood Valley  and  ascends  that  of  Doyle  Creek,  a 
tributary  from  the  southwest.    The  strata  lie  nearly 
K^ciVi^mnw  horizontal  in  this  region,  but  dip  slightly  to  the  west, 

forming  a   continuation  of   the   general   monocline 
which  exists  throughout  eastern  Kansas. 

West  of  Florence  the  traveler  will  note  that  pasture  lands  become 
more  frequent  and  that  cattle  raising  is  an  increasingly  promi- 
nent industry.  At  many  stations  there  are  small  stockyards  with 
special  gangways  for  loading  cattle  on  cars  for  shipment  east. 
There  are  also  numerous  fields  of  alfalfa,  which  is  one  of  the  most 
important  forage  crops  in  the  West.1  Some  notably  large  fields  of 
this  plant  may  be  seen  just  west  of  milepost  169. 

At  Peabody,  which  was  named  for  F.  H.  Peabody,  of  Boston,  large 
numbers  of  range  cattle  are  received  for  fattening  in  the  adjoining 

region.     Here  the  Santa  Fe  line  is  crossed  by  the 
Peabody.  Chicago,  Rock  Island  &  Pacific  Railway.     West  of 

Elevation  1,351  feet.     Peabody  the  country  is  a  wide,  rolling  upland,  with 
Ka^city'iMmnes.  numerous  broad  fields  of  grain,  mostly  wheat,  inter- 
spersed with  pastures.     The  few  railway  cuts  show 
gray  shales  with  some  thin  layers  of  limestone. 

Newton,  named  for  the  city  in  Massachusetts,  is  a  minor  railway 
center  from  which  a  branch  line  of  the  Santa  Fe  leads  to  Wichita 

and  other  places  in  southern  Kansas  and  Oklahoma. 
Newton.  it  is  also  on  one  of  the  larger  branches  of  the  Missouri 

Elevation  1,440  feet     Pacific  Railway.    Years  ago  Newton  had  a  very  large 
Kan^ctty  ^mfles.  cattle-shipping  business,  but  most  of  this  has  long 

ago  moved  much  farther  west. 


Alfalfa  is  generally  called  lucem  in 
Europe.  It  is  the  oldest  known  plant  to 
be  cultivated  exclusively  for  forage,  as 
historians  record  its  introduction  into 
Greece  from  Persia  as  early  as  the  fifth 
century  before  Christ.  Its  cultivation 
was  attempted  by  the  early  colonists  in 
America,  but  not  until  1854,  when  a  vari- 
ety from  Chile  was  introduced  into  Cali- 
fornia, did  its  development  proceed  rap- 
idly. Alfalfa  is  peculiarly  adapted  to 
semiarid  regions,  for  it  does  not  require  a 
moist  climate  and  does  not  suffer  from 
extreme  heat  or  from  relatively  severe 
cold.  It  thrives  best  under  irrigation, 
an  occasional  flooding  being  necessary  for 
its  growth.  Besides  being  highly  nutri- 
tive and  palatable,  alfalfa  is,  when  well 


rooted,  of  rank  growth,  long  lived,  and 
hardy.  It  is  said  that  in  the  semiarid  re- 
gions there  are  alfalfa  fields  25  years  old. 
The  best  yield  is  obtained  from  the  third 
to  the  seventh  year.  Its  roots  vary  in 
length  from  6  to  15  feet.  Though  alfalfa 
fields  can  be  started  in  some  places  with 
a  pound  of  seed  (about  220,000  seeds)  to 
the  acre  and  good  stands  are  often  ob- 
tained with  5  pounds,  about  15  pounds 
are  used  on  irrigated  lands.  In  some 
places  alfalfa  is  cut  three  to  five  times  a 
season  and  therefore  produces  a  higher 
yield  than  any  other  forage  plant  in  the 
western  United  States.  Over  5,000,000 
acres  were  in  alfalfa  in  1909.  Kansas  has 
the  largest  acreage,  with  Nebraska  and 
Colorado  next  in  order. 
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In  this  vicinity  and  for  the  next  25  miles  to  the  west  thel 
many  settlements  of  thrifty  Mennonites,  who  colonized  here  in£^ 
The  railways  conducted  a  campaign  of  advertising  in  EuropP 
were  instrumental  in  settling  large  areas  of  Kansas  lands  wi 
onies  of  Swedish,  Welsh,  Scotch,  English,  Germans,  and  Rul  J 
The  Mennonites  were  Germans  of  a  particular  creed  who  on 
of  their  thrift  and  industry  had  been  invited  to  settle  in 
an  invitation  which  they  accepted.     Some  of  their  special  pri 
having  been  withdrawn,  however,  they  emigrated  to  this  co 
They  brought  with  them  many  plants  and  for  a  long  time  hell 
lands  in  community  ownership.     Each  family  brought  over  a 
or  more  of  Crimean  wheat  for  seed,  and  from  this  seed  was 
the  first  crop  of  Kansas  hard  winter  wheat.     At  first  this 
seemed  to  be  more  difficult  to  mill  and  bake  than  the  hard 
wheat,  and  even  Kansas  millers  for  some  time  either  dec 
receive  hard  winter  wheat  or  paid  a  lower  price  for  it  than  fo 
wheats.     In  1890  the  prices  of  soft  spring  and  soft  winter 
exceeded  that  of  hard  winter  wheat  by  about  10  cents  a  bush 
July,  1910,  for  the  first  time  the  price  of  hard  winter  wheat 
that  of  the  softer  wheats. 

About  4  miles  west  of  Newton  is  an  area  of  sands  and 
which  fill  a  broad,  moderately  deep  underground  valley  in 
excavated  by  a  large  stream  that  long  ago  flowed  across  the 
from  the  north  and  finally  deposited  the  gravel  and  sand, 
stream  was  probably  an  outlet  for  several  rivers  of  north 
Kansas,  the  Smoky  Hill  and  probably  also  Solomon  and 
rivers,  now  branches  of   Kansas  River.     The  width  of   the 
valley  is  about  20  miles  in  the  region  west  of  Newton,  but 
distance  south  of  the  railway  it  merges  into  the  valley  of  the  Ar 
Its  western  margin  is  well  defined  by  the  steep  slopes  of  tb 
rising  toward  the  northwest,  but  to  the  north  and  northeast  are 
since  excavated  to  a  lower  level.     The  underground  relations 
deposit  have  been  explored  by  well  borings,  for  the  large  amo 
water  which  it  yields  is  of  great  value,  especially  as  there  is  bu 
water  available  in  the  shales  of  Permian  age  in  the  adjoining 
and  in  the  floor  under  the  basin.     This  resource  has  been  an  imp 
factor  in  the  development  of  Newton.     When  that  town  nee 
city  supply  deep  drilling  soon  demonstrated  that  little  water 
be  found  underground  in  the  city  area,  even  at  a  great  depth 
the  advice  of  geologists  tests  were  made  in  the  edge  of  the 
valley  a  short  distance  west  of  the  city,  with  most  satisfactory  r 
and  now  this  source  yields  a  large  volume  of  water  which  is 
to  the  city. 
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From  a  point  near  Halstead  a  branch  line  runs  to  Sedgwick,  con- 
necting there  with  the  line  from  Newton  to  Wichita 
Halstead.  ^d  beyond. 

Elevation  i,388 feet.  At  Burrton  (see  sheet  4,  p.  30)  the  Santa  Fe  line 
Kansas  city  210  infles.  is  crossed  by  a  branch  of  the  St.  Louis  &  San  Fran- 
cisco Railroad  ("Frisco"  line)  running  from  Wichita 
to  Ellsworth.  South  of  Burrton  are  wide  .smooth  plains  extending 
to  Arkansas  River  and  forming  part  of  the  buried  valley  referred  to 

above.  A  short  distance  north  of  Burrton  is  a  range 
Burton.  0f  san(j  dunes — low,  irregular  hills  composed  of  loose 

Elevation  i,46o  feet,  sand  which  the  wind  has  blown  out  of  the  flats  along 
Kalreal  city  2i»  miles.  Arkansas  River.  These  sand  dunes  extend  north- 
westward for  some  distance  past  Hutchinson,  not  far 
north  of  the  Santa  Fe  Railway.  Burrton  was  named  for  I.  T.  Burr, 
a  former  vice  president  of  the  railway  company. 

Hutchinson,  the  third  largest  city  in  Kansas,  is  attractively  laid 
out,  with  wide  streets,  most  of  which  are  bordered  by  several  rows 

of  shade  trees  and  extensive  grassy  parking.  It  was 
Hutchinson.  named  for  C.  C.  Hutchinson,  its  founder.  The  greater 
Elevation  1,527  feet,  part  of  the  city  is  on  the  north  side  of  Arkansas  River, 
KmLwCity 2SBmiieB.  but  a  portion  known  as  South  Hutchinson  is  on  the 

south  side.  This  river,  called  the  Nepesta  by  the 
Spanish  explorers,  is  one  of  the  largest  branches  of  the  Mississippi, 
to  which  it  carries  an  average  of  200,000,000  cubic  feet  of  water  a 
day.  It  rises  in  the  Rocky  Mountains,  in  central  Colorado.  At 
Hutchinson  the  river  valley  is  about  8  miles  wide  and  is  a  broad 
expanse  of  nearly  level  land  underlain  by  a  thick  body  of  sand  and 
gravel  that  was  deposited  by  the  river  and  contains  a  large  amount 
of  water.  Below  this  river  deposit  are  shales  containing  thick  deposits 
of  salt.  This  mineral  is  extensively  worked  by  several  plants  in 
Hutchinson,  one  of  which  is  the  largest  in  the  world.  They  produce 
not  only  salt,  but  soda  ash,  caustic  soda,  and  other  chemicals  manu- 
factured from  salt.  The  salt  is  obtained  from  borings  about  800 
feet  deep,  containing  an  outer  casing  down  which  water  is  forced 
and  an  inner  casing  up  which  this  water,  saturated  with  salt  from  the 
beds  below,  is  pumped  into  tanks  for  evaporation.  The  production 
of  salt  at  this  place  averages  2,000  barrels  a  day. 

The  salt  occurs  in  beds  about  380  feet  thick  (depth  430  to  810  feet) 
in  the  midst  of  red  and  gray  shales  of  Permian  age  (see  table,  p.  ii), 
where  it  was  deposited  long  ago  by  the  continued  evaporation  of 
extensive  bodies  of  sea  water.  These  great  salt  beds  may  reach 
far  to  the  west  and  they  underlie  a  large  area  extending  southward 
to  the  Oklahoma  line,  but  they  appear  to  thin  out  toward  the  north 
and  east.  They  are  worked  at  several  other  places,  notably  at  Lyons, 
25  miles  northwest  of  Hutchinson,  where  they  are  penetrated  by 
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a  shaft  1,465  feet  deep,  which  exposes  more  than  400  feet  of  salt, 
of  which  275  feet  (from  793  to  1,068  feet)  is  mostly  in  solid  beds. 
There  it  is  mined  principally  for  the  production  of  rock  salt.  The 
total  annual  production  of  salt  in  Kansas  averages  about  375,000 
tons,  valued  at  more  than  $800,000. 

Hutchinson  is  in  the  center  of  the  Kansas  wheat  belt  and  her 
Jour  mills  have  a  daily  product  of  3,000  barrels.  Electric  power  is 
extensively  used  in  many  mills  and  factories. 

In  the  early  days  of  settlement  and  travel  the  Hutchinson  region 
contained  many  Indians,  notably  the  Kiowas,  who  had  come  in 
from  the  north,  and  their  allies,  the  Comanches,  who  controlled  a 
large  country  south  of  Arkansas  River.  These  Indians  committed 
many  massacres  along  the  Santa  Fe  Trail,  which  crossed  the  country 
about  6  miles  north  of  Hutchinson.  This  locality  is  believed  to 
have  been  the  scene  of  a  decisive  battle  in  1778  between  the  resident 
Comanches  and  a  band  of  Spaniards  and  Pueblo  Indians  under 
Gov.  Anza,  in  which  the  Comanches  were  routed  and  their  chief, 
Greenhorn,  killed. 

Most  of  the  fast  trains  to  the  West  take  the  cut-off  which  goes 
from  Hutchinson  almost  due  west  to  Kinsley,  a  distance  of  84  miles, 
or  about  15  miles  less  than  the  distance  by  the  old  main  line  along 
the  river.  On  this  cut-off  the  railway  crosses  to  the  south  side  of 
Arkansas  River  in  the  southwestern  part  of  Hutchinson.  Not  far 
southeast  of  the  bridge  will  be  noted  the  tall  stack  of  the  largest 
salt  works  in  the  world. 

Beyond  the  river  the  rout9  goes  nearly  due  southwest  for  a  few 
mile3  to  Partridge,  rising  by  an  almost  imperceptible  grade  from 

the  valley  flat  to  a  low  plateau  covered  by  sand  and 
Partridge.  gravel  which  continues  far  to  the  west.     This  upland 

Elevation  i,«Q5  feet.  j3  covered  by  deposits  laid  down  by  Arkansas  River 
Kimt«c!ty244 mflfls.  or  i*8  predecessor  in  Tertiary  time.     It  is  a  great 

plain,  most  of  which  is  occupied  by  broad  fields  of 
grain,  for  it  is  one  of  the  most  extensive  wheat  districts  in  the  country. 
The  soil  i3  particularly  favorable  in  composition,  and  in  most  years 
the  rainfall  is  sufficient  to  give  large  crops,  but  occasionally  there 
is  a  year  too  dry  to  yield  satisfactory  returns. 

West  of  Abbyville  is  a  region  of  sand  hills.  The  dunes  are  mostly 
low  and  covered  with  soil,  which  bears  crops  of  wheat  or  other 

grains.  They  are  old  dunes  and,  except  for  a  small 
Abbyville.  amount  of  sand  that  blows  during  the  windy  season, 

Elevation  i,65i  feet,     they  are   not   advancing   materially.     The    railwav 

Kansas  City  250  miles.  ,     lt  ,     ,  .  ,  ,       ,  _  \ 

cuts  are  shallow  and  show  either  the  loose  dune  sand 
or  the  brownish  compact  sand  of  Tertiary  age,  which  forms  the 
surface  of  the  plain. 
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At  Stafford,  named  for  Lewis  Stafford,  a  captain  in  the  First 
Kansas  Regiment,  the  Santa  Fe  line  is  crossed  by  a  branch  of  the 

Missouri  Pacific  Railway.  This  region  is  typical  of 
Stafford.  the  Great  Plains,1  its  smooth  surface  being  apparently 

Eforation  i,858  feet  level  but  rising  gently  toward  the  west.  The  sur- 
kcdsm  city  272  miles.  ^ace   formation    is    moderately    compact    sand,    in 

places  containing  concretions  or  streaks  of  calcium 
carbonate.  The  thickness  of  this  deposit  is  not  known,  but  it  is 
probably  about  100  feet.  It  is  supposed  to  lie  on  the  thin  eastern 
edge  of  the  Dakota  sandstone. 

Originally  the  prairies  of  the  central  Kansas  region  were  almost 
titleless  except  for  the  cottonwoods  along  some  of  the  streams,  but 
settlers  have  planted  trees  around  their  houses  and  along  many  of 
their  road  hedges,  so  that  now  some  trees  appear  in  every  view.  It 
is  believed  by  some  that  the  presence  of  vegetation  of  this  kind  has 
increased  the  rainfall  and  diminished  the  number  and  violence  of 
tornadoes,  but  meteorologists  deny  that  these  changes  have  had 
any  material  effect. 

A  few  miles  northeast  of  Stafford  are  marshes  caused  by  salt 
springs.  The  salt  water  was  used  extensively  in  the  early  days  for 
curing  meat,  and  in  1878  a  small  salt  works  was  erected  to  extract 
the  salt  for  sale  in  the  surrounding  country. 


?  The  Great  Plains  are  smooth  treeless 
slopes  that  extend  eastward  from  the 
foot  of  the  Rocky  Mountains  into  central 
Kansas  as  well  as  into  adjoining  States 
on  the  north  and  south.  Their  western 
margin  has  an  altitude  of  almost  5,000  feet 
near  the  Rocky  Mountains,  from  which 
they  make  a  practically  continuous  de- 
scent to  an  altitude  of  2,000  to  2,200  feet 
in  central  Kansas,  where  they  merge  into 
the  rolling  prairies  that  have  been  de- 
embed  on  previous  pages.  The  plains 
are  trenched  by  the  relatively  shallow 
\  alleys  of  many  rivers  and  creeks  flowing 
to  the  east,  but  extensive  areas  of  the  re- 
markably smooth  tabular  surfaces  remain 
between  these  valleys.  One*  of  these  iB 
shown  in  Plate  IV,  A. 

The  major  part  of  the  Great  Plains  is 
covered  by  sandB,  gravels,  and  loams  of 
late  Tertiary  age,  varying  in  thickness 
from  50  to  200  feet  in  greater  part  and  in 
general  lying  on  a  relatively  smooth  sur- 
face of  the  older  rocks.  The  materials 
were  brought  from  the  Rocky  Mountain 
region  by  streams  which  ran  in  various 
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courses  across  the  region,  sometimes  cut- 
ting valleys  but  mostly  depositing  sedi- 
ments. The  time  was  one  of  relatively 
arid  conditions,  probably  in  general  simi- 
lar to  the  present,  the  streams  bringing 
out  of  the  mountains  a  larger  amount  of 
sediment  than  they  could  carry  through 
to  the  great  rivers  on  the  east.  The 
process  was  long  continued,  and  it  is 
likely  also  that  at  times  the  stream  grades 
were  somewhat  less  than  they  are  at 
present,  so  that  the  deposits  were  not  to 
any  great  extent  deeply  trenched  by  small 
creeks,  as  they  are  now.  It  is  known  from 
the  fossil  bones  found  in  the  deposits  that 
the  region  was  inhabited  by  numerous 
land  animals  of  a  sort  very  different  from 
those  of  the  present  era.  There  were 
rhinoceroses,  camels,  three-toed  horses, 
elephants  and  bisons  of  peculiar  types, 
as  well  as  a  great  many  species  of  smaller 
animals.  At  certain  places  in  the  region 
large  numbers  of  bones  of  these  strange 
animals  have  been  found  and  dug  out, 
and  many  of  these  bones  are  now  care- 
fully preserved  in  museums, 
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SL  John. 


Macksville. 

Elevation  2,025  feet. 


West  of  Stafford,  notably  at  milepost  261,  the  railway 
small  belt  of  sand  dunes,  and  near  milepost  262  there  are  bat 
from  which  the  sand  is  being  blown  by  the  wind. 

St.  John  (see  sheet  5,  p.  36)  is  on  the  greats 
plain,  in  the  midst  of  grain  fields.     It  was  n 
Elevation  i,908 feet.     Jq^  p#  gt.  John,  governor  of  Kansas  from 

Population  1,785.  rtrt  T,  i  m  »-•■■• 

Kansas  city  282  miles.  1883  and  a  famous  advocate  of  prohibition. 

The  region  about  Macksville  is  a  gently  ro 
with  very  low  sand  hills,  which  continue  to  B 
beyond   Lewis.    Macksville  was  named  for 
Kansas  city  293  miles.  Mack,  the  first  postmaster  in  Stafford  Count 

A  large  sign  south  of  Belpre  (bel-pray')  sta 

tains  the  statement  that  $1,250,000  worth 

products  were  shipped  from  that  place  in  191 

pre  is  the  center  of  a  prosperous  region  in  whi 

and  other  grains  are  raised.     The  name  is  Fr< 

beautiful  prairie. 

Lewis  is  near  the  eastern  edge  of  a  pronounced  belt  of  s 
which  extends  along  the  east  side  of  Arkansas  River  for  man; 

These  dunes  become  prominent  a  short  dist 
Lewte.  of  Omar  siding,  where  the  railway  passes 

Elevation  2442  feet.     20-foot  cuts  in  the  loose,  cross-bedded  dun 
Ka^a^imfles.  Here  the  dune  surface  is  too  rugged  for  muc 

ing,  but  there  are  scattered  wheat  fields  in 
the  depressions  between  the  dunes.     About  3  miles  west  o 
Arkansas  River  is  crossed,  and  a  short  distance  beyond  is 
Here  the  Hutchinson  branch  or  cut-off  joins  the  old  main  li 
Hutchinson  by  way  of  Great  Bend. 

[The  itinerary  west  of  Kinsley  is  continued  on  p.  35.] 
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Elevation  2,062  feet. 
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Kansas  City  300  miles. 


son      . . 


E~=- 


and      srvs)* 


NTA  FE  RAIL** 
ICT  of  mcfttAi'N'j 


A  River  <i«h< 

8  Sand  dm «. 

C  Sand  and 

D  Sand.  >%: 

E  Sandatnr.ti 

_  Shales,  r« 

*      salt  dep 


sard 


stoty? 


^ 


B 


'*/, 


\ 
fkerso^i; 


HUTCHINSON   TO   KINSLEY   BY   WAY  OF   GREAT   BEND. 

From  Hutchinson  (see  sheet  4,  p.  30)  to  Kinsley  the  old  mi 
of  the  Santa  Fe  Railway  follows  the  north  bank  of  Arkansas 
but  at  most  places  the  tracks  are  a  mile  or  two  from  the  si 
For  the  entire  distance  the  route  lies  along  the  wide  flat  or 
bottom  land,  which  ranges  from  5  to  8  miles  in  width.     From 
inson  to  Great  Bend  the  course  is  northwest,  but  from  Great  B< 
Kinsley  the  course  is  southwest,  owing  to  a  remarkable  bend 
valley. 

The  flat  consists  of  smooth  bottom  lands  elevated  but  si 
above  the  river,  and  in  their  lower  parts  subject  to  overflow 
the  occasional  freshets.  These  lands  are  formed  by  a  thick  b< 
sand  and  gravel  deposited  by  the  river  and  lying  in  a  wide,  si 
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trough  which  this  stream  cut  in  the  underlying  shales  and  sandstones 
at  an  earlier  stage  in  its  development.  The  river  belongs  to  the 
class  of  large  streams  in  the  west  which  have  excavated  wide,  shallow 
valleys  across  the  country  and  now,  owing  to  their  heavily  loaded 
condition  at  times  of  freshets,  are  gradually  filling  them  again.  The 
result  is  a  wide  level  plain,  floored  with  river-borne  materials,  through 
which  the  stream  mean4ers  with  irregular  course  and  very  slight 
declivity.  In  the  Arkansas  Valley  from  Kinsley,  where  the  altitude 
is  2,160  feet,  to  the  bridge  at  Hutchinson,  where  the  altitude  is 
1,500  feet,  the  fall  is  660  feet.  As  the  distance  between  these  points 
is  somewhat  less  than  100  miles  the  rate  of  fall  is  only  about  6.6  feet 
to  the  mile,  which  is  normal  for  a  river  of  moderate  size. 

From  Hutchinson  to  Sterling  the  level  alluvial  flat  is  an  almost 
continuous  wheat  field.  A  large  amount  of  broom  corn  is  also  raised. 
About  5  miles  northeast  the  railway  is  paralleled  by  the  low  ridge  of 
sand  dunes  mentioned  on  page  27. 

Nickerson,  named  for  Thomas  Nickerson,  an  official  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway  Co.,  is  on  the  broad  flat  about  a  mile 

from  the  river  bank.  Sterling,  the  next  station,  is 
Nickerson.  about  2  miles  north  of  the  river.     In  the  eastern  part 

Elevation  1,583  feet.     0f  Sterling,  north  of  the  railway,  a  large  salt  refinery 

Fopulatkra  1,195.  .        ,  ,     .    .*"  -      ,        -  1         j  •  i 

Kansas  city  244  miles,  is  obtaining  salt  by  forcing  water  down  a  pipe  sunk 

deep  into  the  salt-bearing  strata  and  pumping  out  the 
Sterling.  saturated  solution,  as  in  the  plants  at  Hutchinson. 

Elevation  1,637  f«et.     Here  a  line  of  the  Missouri  Pacific  Railway,  which 

CSr^mita.  rans   Parallel    to    *<>   Santa   Fe  from  Hutchinson, 

crosses  it  and  goes  northward  to  Lyons  and  beyond. 

In  the  vicinity  of  Alden  the  valley  flat  is  nearly  15  miles  wide, 

extending  north  almost  to  Lyons.     Near  Raymond,  however,  a  ridge 

of  the  upland  approaches  the  river  from  the  north 

en"  and  narrows  the  valley  greatly.     At  the  base  of  this 

SSiw!L.  ridge  aPPear  brown  led8»  of  the  Dakota  sandstone 

which   extend   along   the  foot  of   the  hills  not  far 

north  of  the  track  to  a  point  some  distance  beyond 

Raymond.  Raymond.     This  sandstone  is   a  very  porous  rock 

Kierathm  1,723  feet,     and  wherever  it  occurs  underground  is  an  important 

K^ctty^mite  water  bearer  tllBt  yields  valuable  supplies  in  thou- 
sands of  wells  in  the  Middle  West.  The  sandstone  is 
near  the  surface  in  a  wide  area  along  the  Arkansas  Valley  from  the 
vicinity  of  Sterling  to  Ford,  but  owing  to  the  covering  of  sand  and 
gravel  outcrops  of  the  sandstone  are  rare.  Some  of  those  which 
occur  have  fantastic  forms  such  as  that  shown  in  Plate  III,  A  (p.  19). 
In  this  region  the  beds  lie  nearly  level,  for  the  gentle  westward  dips 
which  exist  in  the  region  east  of  Hutchinson  gradually  give  place  in 
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this  portion  of  central  Kansas  to  equally  low  eastward  dips,  which 
prevail  throughout  the  western  part  of  the  State  and  beyond  to  the 
Rocky  Mountain  uplift.  The  shallow  trough  resulting  from  this 
change  of  dip  crosses  central  Kansas  in  the  vicinity  of  Great  Bend> 
and  it  is  not  improbable  that  this  structural  condition  was  the  cause 
of  the  very  notable  deflection  of  the  Arkansas  Valley  to  the  north- 
ward in  the  region  between  Dodge  and  Great  Bend. 

From  Raymond  to  Ellinwood  the  Valley  of  the  Arkansas  widens 
again,  especially  the  portion  which  lies  south  of  the  river,  where? 
however,  there  is  a  broad  bordering  zone  of  low  hills  built  of  sand 
blown  from  the  river  bed. 

Ellinwood  is  in  the  center  of  a  wide  area  of  fields  of  wheat  and 
Ellinwood.  other  grains  and  a  large  amount  of  these  products  are 

Elevation  1 782  feet  shipped  from  its  station.  The  town  was  built  many 
Population  We.  years  before  the  coming  of  the  railway  in  1871,  for 

Kansas  city  275  miles.  here  the  Santa  Fe  Trail  reached  the  Arkansas  Valley. 

Great  Bend  (see  sheet  5,  p.  36)  is  the  seat  of  Barton  County,  the 
junction  with  a  branch  of  the  Santa  Fo  running  to  Scott  City,  and 

the  terminus  of  a  branch  of  the  Missouri  Pacific  Rail- 
Great  Bend.  way  from  Hoisbigton.  It  takes  its  name  from  its 
Elevation  1,843  feet,     situation  on  the  long  curve  in  the  river  from  north- 

Ka^ctty  2«  miles.  east  to  east  ^  finally  to  the  southeast  at  Ellinwood. 

The  town  was  begun  in  1870  and  is  built  on  the 
smooth  river  flat,  which  is  very  wide  here  owing  to  the  confluence 
of  the  Walnut  Creek  valley  with  that  of  the  Arkansas.  Water  power 
from  Walnut  Creek  is  utilized  in  Great  Bend  for  extensive  flour  milk, 
grain  elevators,  factories,  and  salt  works. 

Great  Bend  is  in  the  country  formerly  occupied  by  the  Wichita 
Indians.  Near  by  was  the  mythical  city  of  Quivira  (kee-vee'ra),  to 
which  Coronado  journeyed  in  1541,  expecting  to  obtain  a  great  store 
of  treasures.  He  was  disappointed  in  finding  instead  of  a  "city" 
scattered  Indian  villages  consisting  of  small  groups  of  conical  huts 
of  poles  thatched  with  grass  and  containing  no  valuables  whatever. 
To  the  north  of  Quivira  was  the  land  of  the  Pawnees,  who  had  per- 
manent villages.  They  made  frequent  attacks  upon  individuals  and 
caravans  and  treated  their  captives  with  appalling  cruelty. 

The  old  Santa  Fe  Trail  passes  through  the  courthouse  square  of 
Great  Bend,  and  a  short  distance  east  of  the  city  the  railway  crosses 
Walnut  Creek  at  the  place  of  the  old  ford.  Here  was  Fort  Zarah,  the 
ruins  of  which  are  visible  a  short  distance  north  of  the  tracks.  The 
place  is  marked  by  a  stone  cannon.  This  fort,  established  by  Gen. 
S.  R.  Curtis  in  1864  and  named  for  his  son,  was  one  of  the  line  of 
military  posts  placed  at  intervals  along  the  Santa  Fe  Trail  to  protect 
'he  traveler.     It  was  garrisoned  with  soldiers  who  escorted  wagon 
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trains  through  the  district  west  of  Great  Bend,  where  the  Indians 
were  especially  dangerous.  Long  before  the  fort  was  established  the 
place  was  noted  for  massacres  and  Indian  wars,  mainly  because  of  a 
grove  which  afforded  the  Indians  concealment.  Moreover,  it  was 
on  one  of  the  lines  of  travel  always  taken  by  the  buffaloes  in  their 
annual  migration  and  therefore  was  visited  by  the  Indians  on  their 
summer  hunting  trips. 

The  area  from  Great  Bend  westward  for  a  hundred  miles  or  so  was 
a  famous  hunting  ground  for  all  the  plains  tribes,  as  its  excellent  pas- 
turage made  it  the  home  trf  vast  herds  of  buffaloes,  besides  plenty  of 
antelopes  and  deer.  For  this  reason  it  was  the  scene  of  innumerable 
conflicts  between  the  tribes,  none  of  which  could  maintain  perma- 
nent control  of  it.  The  big  game  has  been  gone  for  many  years,  and 
now  only  occasional  jack  rabbits,  squirrels,  and  nocturnal  animals 
remain. 

Arkansas  River  from  Great  Bend  to  Pueblo,  Colo.,  was  followed 
by  Lieut.  Zebulon  Pike  on  the  trip  during  which  he  saw  for  the  first 
time  the  peak  of  the  Rocky  Mountains  that  bears  his  name. 

In  the  slopes  north  of  Great  Bend  and  in  the  stream  banks  at 
intervals  up  Walnut  Creek  there  are  exposures  of  the  brown  ledges 
of  Dakota  sandstone,  a  formation  in  which  are  excavated  the  valleys 
of  this  general  region.  In  1887  a  boring  was  made  3  miles  north  of 
Great  Bend,  in  which  the  great  salt  bed  already  mentioned  was  pene- 
trated for  163  feet,  proving  its  extension  in  this  direction  from 
Hutchinson  and  Lyons.  At  a  depth  of  744  feet  a  flow  of  water  was 
found  which  ran  out  of  the  casing  to  a  height  of  30  feet  above  the 
ground. 

Near  milepost  281,  which  is  about  10  miles  southwest  of  Great  Bend, 
Pawnee  Rock  is  discernible  in  the  distance,  and  at  milepost  282  it  is 

plainly  in  view,  rising  on  the  north  side  of  the  valley 
Pawnee  Rock.  a  short  distance  north  of  Pawnee  Rock  station.  The 
Hmtfan  1,941  feet,  rock  is  a  high  southward-facing  cliff  of  Dakota  sand- 
Sa^Mmta  stone'  Projecting  as  a  rocky  promontory  from  the 

broad  ridge  that  forms  the  north  side  of  the  valley. 
Its  present  appearance  is  shown  in  Plate  III,  B  (p.  19).  The  elements 
and  the  hand  of  man  have  made  great  changes  in  its  size  and  appear- 
ance since  the  days  when  the  Santa  Fe  Trail  passed  along  its  base. 
Here  were  many  encounters  between  the  savages  and  the  whites,  and 
also  between  hostile  bands  of  Indians,  for  the  place  is  noted  not  only 
in  pioneer  history  but  in  Indian  traditions  as  well.  Names  and  initials 
of  many  travelers,  from  the  early  trappers  and  the  "forty-niners"  to 
the  later  Army  detachments,  have  been  scratched  on  the  smooth  faces 
of  the  ledges. 
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Pawnee  Rock  was  named  from  the  Indian  tribe  which  roamed  over 
the  neighboring  plains,  menacing  the  life  and  property  of  almost 
every  passer-by  on  the  trail,  as  they  had  menaced  the  Spaniards  for 
two  centuries.  The  name  Pawnee  is  supposed  to  signify  horn  and  to 
have  been  applied  to  the  tribe  on  account  of  a  curious  custom  of 
plucking  out  beard  and  eyebrows  and  shaving  the  head,  except  a 
narrow  ridge  of  hair  from  forehead  to  scalp  lock;  this  remnant  was 
stiffened  with  fat  and  paint  so  that  it  stood  erect  and  curved  like 
a  horn. 

Half  a  mile  beyond  milepost  287,  or  4J  miles  southwest  of  Pawnee 
Rock,  there  may  be  seen  west  of  the  track  a  granite  monument,  which 
is  one  of  the  numerous  markers  of  the  line  of  the  Santa  Fe  Trail. 

Lamed  is  at  the  mouth  of  Pawnee  River,  which  enters  the  Arkansas 
on  the  southern  edge  of  the  town.     On  the  north  bank  of  the  Pawnee, 

west  of  the  railway,  there  are  several  quarries  in  the 
Lamed.  Dakota  sandstone  which  are  plainly  visible  from  the 

Elevation  1,995 feet,     vicinity  of  milepost  292  and  beyond.     The  rock  is  of 
Ka^city2 Smiles.  a  light-brownish  color  and  occurs  in  massive  beds, 

about  40  feet  in  all,  exposed  in  several  quarries.  It 
has  been  used  to  some  extent  as  a  building  stone  and  when  fresh  is 
easily  sawed  or  chiseled. 

The  railway  bridge  crosses  Pawnee  River  at  the  old  ford  of  the 
Santa  Fe  Trail.  Owing  to  a  twist  in  the  course  of  the  stream  the  cross- 
ing was  difficult.  Many  a  thrilling  skirmish  or  frightful  massacre  has 
occurred  here,  and  in  1870  a  great  battle  was  fought  at  this  place 
between  Cheyennes  and  Arapahoes.  This  locality  should  not  be  con- 
founded with  Fort  Lamed,  which  lies  6J  miles  due  west  of  it. 

On  the  old  trail  there  was  not  a  bridge  from  end  to  end  and  all 
the  stream  crossings  were  fords,  which  at  times  of  high  water  became 
impassable.  When  the  Army  of  the  West  crossed  Pawnee  River  on 
its  long  march  to  take  Santa  Fe  in  1848  that  stream  was  in  flood  and 
could  not  be  forded.  However,  trunks  of  trees  were  thrown  across 
and  over  these  the  men  clambered,  carrying  their  baggage,  tents,  and 
supplies,  while  the  horses  swam  across  and  the  empty  wagon  boxes 
were  pulled  over  with  ropes. 

In  the  vicinity  of  Lamed  the  conditions  on  the  two  sides  of  the 
Arkansas  present  a  striking  contrast.  On  the  southeast  side  there  is 
a  wide  belt  of  sand  hills  composed  of  sand  blown  out  of  the  river  bed 
by  the  prevailing  strong  northwest  winds.  These  hills  are  too  rough 
and  bare  for  agriculture.  On  the  northwest  side  of  the  river,  where 
the  railway  is  built,  there  are  bottom  lands  with  rich,  deep  soil,  usually 
yielding  large  crops  of  grain. 

Not  far  northeast  of  Garfield  a  ledge  of  Dakota  sandstone  rises 
above  the  river  flat  and  is  cut  by  the  railway  for  a  short  distance. 
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Offerle. 


Near  Garfield  the  Arkansas  Valley  is  much  narrower  than  at  most 
other  places,  for  a  ridge  of  the  upland  encroaches  from  the  northwest 

and  the  sand  dunes  on  the  southeast  side  of  the  river 
Garfield.  rjse  rapidly  to  the  broad  plain  which  borders  the 

Elevation  2,000  fMt.     valley  on  that  side.     Near  Kinsley  the  ridge  on  the 
KiSasVity  318  mites,  north  side  of  the  valley  trends  somewhat  northward 

and  the  flat  widens  to  about  4  miles. 
At  Kinsley,  named  for  W.'  E.  W.  Kinsley,  of  Boston,  the  old  main 
line  of  the  Santa  Pe  by  way  of  Great  Bend  is  joined  by  the  cut-off  or 

Hutchinson  branch,  described  on  pages  28-30.  West 
Kinsley.  0f  Kinsley  the  railway  continues  its  nearly  direct 

Elevation  2ti64  &»t.     course  west,  diverging  from  the  valley  of  the  Arkansas, 
Karaas  city  3w  miie».i  and %  t^us  avoiding  the  southward  bend  of  the  river. 

The  ascent  to  the  surface  of  the  Great  Plains 2  is  so 
gradual  as  to  be  barely  noticeable,  for  the  valley  slopes  west  of 
Kinsley  are  very  gentle. 

At  milepost  324,  about  a  mile  east  of  Offerle,  is  an  8-foot  cut  show- 
ing exposures  of  brown  loam  with  streaks  of  gravel,  apparently  a. 

part  of  the  deposit  of  Tertiary  age  which  covers  the 

Great  Plains.  The  eastern  edge  of  this  loam  appears 
Elevation  2,383  feet,     to  pass  downward  toward  the  east  under  the  higher 

Kansas*  City  340  miles.  r  ,  .  -     ,         »     ,  ^.r   «  i  •    i  * 

terrace  deposits  of  the  Arkansas  Valley,  which  are  of 

later  age.     Probably  both  lie  on  the  Dakota  sandstone.     A  short 

distance   beyond   milepost   329   are   other  small   exposures  of  the 

gravelly  loam  in  shallow  railway  cuts. 

West  of  Belief ont,  between  mileposts  331  and  332,  and  for  half  a 

mile  west  from  milepost  332,  are  cuts  in  the  brown 
sand  containing  white  calcium  carbonate  concretions. 
Westward  of  these  cuts  the  line  gradually  ascends 
on  a  very  smooth  surface  typical  of  the  Great  Plains. 
Spearville  and  Wright  (see  sheet  6,  p.  40)  are  on 
the  plain,  which  reaches  an  altitude  of  2,570  feet  in 
the  summit  a  short  distance  west  of  Wright.  Beyond 
Kama* aty  35i  miles.  $**&  point  there  is  a  down  grade  into  the  valley  of  the 

Arkansas,  and  the  train  passes  through  extensive 
Wright  cuts,  beginning  near  milepost  347.     Brown  loams 

Elevation  2,5i6  feet,     j^j  fine  sands  of  Tertiary  age  are  exposed  in  these 

Kansas  City  360  miles.        A       .  ,  ,  jTi^^^^/xci.i* 

cuts,  in  some  places  to  a  depth  of  10  feet.     South  of 

the  railway,  at  a  point  half  a  mile  beyond  milepost  349, 

there  are  scattered  exposures  of  a  bed  of  white  limestone  a  few  feet 


Bellefont. 

Elevation  2,347  feet. 
Kansas  City  346  miles. 


Speairille. 

Elevation  2,451  feet. 


1  The  distances  given  in  the  side  notes 
are  those  by  the  old  main  line.  To  get 
the  distance  traveled  by  way  oi  the 
Ottawa  and  Hutchinson  cut-offs  30  miles 
should  be  deducted  from  the  figures  given 
for   Kinsley  and   stations    beyond;  the 


distance  by  way  of  Topeka  and  the 
Hutchinson  branch  can  be  ascertained  by 
deducting  15  miles. 

2  The  Great  Plains,  a  part  of  which  is 
crossed  on  the  way  to  Dodge,  are  de- 
scribed in  the  footnote  on  page  29. 
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thick,  which  underlies  the  Tertiary  deposits  in  a  wide  area  | 
vicinity.     The  river  deposits  in  the  valley  of  the  Arkans 
against  the  lower  portion  of  this  limestone  at  milepost  349 
some  distance  west.1 

In  approaching  Dodge  the  railway  again  comes  near  the 
River,  the  north  bank  of  which  is  followed  from  Dodge  w 
The  wide  bottom  lands  near  the  river  are  occupied  by  fields 
and  orchards.     In  this  vicinity  Coronado  in  1541  reached  t 
which  he  called  the  River  of  St.  Peter  and  St.  Paul.     On  the 
miles  east  of  Dodge,  is  old  Fort  Dodge,  now  a  soldiers'  ho 
formerly  an  important  frontier  garrison  on  the  Santa  Fe  Trail, 
of  the  old  buildings  remaining  were  headquarters  of  Gen.  Cus 
Gen.  Miles  in  the  days  when  Col.  W.  F.  Cody  (Buffalo  Bi 
other  famous  scouts  were  aiding  the  United  States  Army  to 
travelers  and  to  subdue  the  Indians.     The  Indians  were  trou 
in  this  part  of  the  West  for  some  years  after  the  Civil  War  w 
and  there  were  massacres  in  western  Kansas  as  late  as  1874. 

Dodge,  formerly  known  as  Dodge  City,  was  named  for  Gen. 
Dodge,  governor  of  Wisconsin  Territory.     It  is  now  a  co 

center  for  a  wide  adjacent  region  containing 
ous  farms  and  cattle  ranches.  This  was  a 
frontier  town,  the  center  of  important  lines  of  fi 

Xta^/m^mite.  in&  and  headquarters  of  the  cattle  business, 

attained  its  maximum  in   1884,  when  herds 
gating  800,000  cattle,  in  charge  of  3,000  men,  passed  through 
from  Texas  on  the  way  north.     Much  hunting  was  done 
region,  for  there  were  immense  herds  of  buffaloes 2  and  other 
throughout  central  Kansas.     (See  PL  IV,  B,  p.  28.) 


Dodge. 

Elevation  2,478  feet 


1  In  the  descent  into  Duck  Creek,  a 
branch  of  Sawlog  Creek,  7  miles  northeast 
of  Dodge,  there  are  very  instructive  ex- 
posures of  this  basal  limestone,  10  to  15 
foot  thick,  pebbly  at  the  base,  lying  on 
20  foot  of  Greenhorn  limestone.    The  two 

High  Plain 


teristic  of  this  formation.    The 
of  the  rocks  here  are  shown  in 

2  Large  circular  pits,  called  buffi 
lows,  are  common  on  the  plains 
puzzling  to  the  average  traveler, 
were  started  by  buffaloes  either 
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Figure  5.—  Section  of  rocks  in  Sawlog  Valley,  northeast  of  Dodge,  Kans. 


(6,  c  in  fig.  5)  form  a  white  cliff  that  rims 
the  valley  to  the  north.  The  Greenhorn 
limestone  includes  beds  of  chalky  lime- 
stone as  much  as  6  inches  thick,  and  some 
vers  of  it  are  filled  with  impressions  of 
:>ssil  shell  {Inoceramus  labiatus)  charac- 


spots  or  at  places  where  there  is 
alkali,    which   the    animals   lick, 
tramping  of  the  hoofs  of  the  heavy 
wears  the  sod  thin,  and  then  the 
soon  blows  out  a  cavity,  or  if  watel 
lects  in  it  the  mud  is  carried  out  in 
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Just  across  the  river  from  Dodge  was,  until  1835,  the  northeast 
corner  of  Mexico,  and  between  1835  and  1845  the  corner  of  the 
Republic  of  Texas,  the  boundary  of  which  extended  from  that  point 
along  the  south  side  of  Arkansas  River  to  the  Rocky  Mountains. 
An  account  of  the  famous  frontier  characters  formerly  known  around 
Dodge  is  out  of  place  here,  but  they  figure  in  many  narratives  and 
romances  of  earlier  days,  when  it  was  widely  known  as  the  "wickedest 
town  in  the  country."  Now  it  is  a  model  of  peacefulness  and  tran- 
quillity. 

Change  is  made  here  from  Central  time  to  Mountain  time,  one  hour 
earlier. 

A  short  distance  northwest  of  the  station  at  Dodge  are  low  cliffs  of 
coarse  sandstone  and  conglomerate  of  an  older  river  channel  of 
'  Tertiary  age,  lying  on  fine  buff  loam  which  extends  down  to  the  valley 
level.  The  formations  underlying  Dodge  have  been  explored  by  a 
boring  1,100  feet  deep  which  yielded  nothing  of  value  except  some 
water  from  the  Dakota  sandstone  that  did  not  have  pressure  sufficient 
to  flow. 

From  Dodge  westward  to  La  Junta,  Colo.,  the  Santa  Fe  Railway 
follows  the  Arkansas  Valley,  continuing  along  the  north  side  of  the 
river,  in  most  places  within  a  mile  of  it.  A  branch  line  crosses  the 
river  there  and  goes  southwestward  to  Elkhart,  near  the  Oklahoma 
State  line.  The  Arkansas  Valley  in  this  vicinity  is  from  2  to  3  miles 
wide  in  greater  part  and  is  bordered  by  moderately  steep  slopes  or 
bluffs  on  the  north  side  of  the  river  and  by  a  wide  zone  of  sand  hills 


amounts  in  the  shaggy  coats  of  the  buf- 
faloes, who  delight  to  wade  or  roll  in  a 
water  hole.  For  years  during  the  decline 
of  the  buffaloes,  and  after  they  had  gone, 
their  bones  were  a  source  of  revenue  for 
many  persons,  who  collected  them  on  the 
prairie  and  shipped  them  east  to  manu- 
facturers of  fertilizers.  At  some  stations 
near  Dodge  the  shipments  averaged  a 
carload  a  day  in  1875.  Gen.  Sheridan 
estimated  that  originally  the  buffaloes 
between  Fort  Dodge  and  Camp  Supply, 
in  northwestern  Oklahoma,  aggregated 
100,000,000  head,  and  in  many  of  the 
great  hunts  some  parties  killed  as  many 
as  250  a  day.  After  the  Santa  Fe  Railway 
reached  Dodge  over  200,000  buffalo  hides, 
200  cars  of  hindquarters,  and  2  cars  of 
buffalo  tongues  were  shipped  the  first 
winter.  Buffaloes  were  so  numerous, 
even  after  the  railway  had  been  built, 
that  when  they  were  crossing  the  track 
trains  had  to  wait  many  hours  until  the 


herd  had  passed.  Their  slaughter  by  the 
whites  was  a  cause  of  bitter  dissatisfac- 
tion to  the  Indians  and  occasioned  many 
conflicts.  Their  practical  extermination 
was  effected  in  about  20  years.  Many 
were  shot  wantonly  by  passengers  on  the 
trains,  and  thousands  were  hunted  for  the 
sake  of  boasting  of  a  great  kill.  Usually 
the  white  hunter  took  only  the  hide  or  a 
small  part  of  the  meat  (hump  or  tongue), 
while  the  Indian  utilized  every  part,  in- 
cluding the  intestines.  The  Indians  de- 
spised the  white  man's  methods,  for  the 
Indians  killed  by  hunting  on  horseback 
with  arrows  or  long  spears,  so  that  the 
number  slain  was  small  and  probably 
never  in  excess  of  the  natural  increase. 
The  Indians  knew  that  when  the  buffa- 
loes were  gone  their  most  important  re- 
source for  food  and  clothing  would  cease 
to  be  available.  The  last  buffalo  in  Kan- 
sas is  said  to  have  been  sold  at  Kingman 
in  1888. 
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on  the  south  side.  For  many  miles  the  surface  is  made  up  of  sand 
and  loose  sandstone  or  conglomerate  of  Tertiary  age.  The  valley 
has  been  cut  by  the  river  to  a  depth  of  250  feet  below  the  adjoining 
great  plateau,  but  it  is  partly  filled  with  about  100  feet  of  sand  and 
clay  (alluvium)  deposited  by  the  stream,  and  these  materials  are 
still  in  course  of  deposition.  In  places  the  valley  is  cut  through  the 
Tertiary  deposits  into  underlying  shale  and  limestone  of  Upper 
Cretaceous  age,  but  these  do  not  appear  at  the  surface  until  they  rise 
in  the  valley  slopes  near  Hartland.  In  ascending  the  valley  the 
railway  skirts  slopes  that  rise  100  feet  or  more  above  the  river  flat 
to  a  plain  of  remarkable  smoothness  which  ascends  gradually  west- 
ward at  about  the  same  rate  as  the  upgrade  of  the  valley.  In  these 
slopes  are  widely  scattered  outcrops  of  the  Tertiary  deposits — loam 
and  sand  with  interbedded  hard  layers  of  coarse  sandstone  or  con- 
glomerate of  gray  color  or  of  white  "grit"  consisting  of  sand  and 
gravel  cemented  with  calcium  carbonate. 

At  a  point  halfway  between  mileposts  358  and  359,  6  miles  west  of 
Dodge,  a  small  exposure  of  conglomerate  is  visible  from  the  train.  A 
granite  marker  at  this  place  indicates-  the  former  course  of  the  Santa 
Fe  Trail,  which  extended  up  the  north  or  American  bank  of  the  river 
very  near  the  course  of  the  present  railway  line  from  Dodge  to 
Bents  Fort,  Colo. 

Several  small  ledges  of  conglomerate  appear  for  a  short  distance 
on  the  north  side  of  the  track  at  Howell  and  again  just  beyond 

milepost  363,  a  mile  and  a  half  west  of  Howell.  At 
Howell.  milepost  365  the  sand  hills  on  the  south  side  of  the 

Kuraa^tt^mto  va^ey  are  visibly  and  they  extend  almost  continu- 
ously along  that  side  of  the  river  into  Colorado. 

In  places  high  on  the  slopes  to  the  north  may  be  seen  an  irrigation 
canal  intended  to  carry  water  from  the  river  to  the  high  plain  north  of 
Dodge  and  thence  to  Wright  and  Spearville.  The  intake  of  this  canal 
is  a  short  distance  west  of  Ingalls,  and  by  following  a  grade  somewhat 
less  than  that  of  the  fall  of  the  river,  the  canal  finally  reaches  the  level  of 
the  plains  at  a  point  3  miles  northwest  of  Dodge.  The  Arkansas  is  a 
stream  of  large  annual  flow,  but  as  much  of  its  water  is  carried  at  times 
of  freshet  and  as  the  volume  at  other  times  is  exceedingly  variable, 
there  is  often  considerable  difficulty  in  maintaining  a  regular  supply 
in  the  canal  during  the  growing  season.  In  the  future,  no  doubt, 
the  freshet  waters  of  this  river,  as  well  as  of  most  other  large  streams 
in  the  United  States,  will  not  be  allowed  to  escape  but  will  be  held 
in  suitable  storage  reservoirs  to  maintain  a  flow. 

It  will  be  noted  that  west  of  Dodge  the  valley  contains  fewer  trees 
than  it  does  to  the  east  and  that  still  farther  west  in  the  region  of 
more  arid  climate  the  trees  along  the  valley  diminish  greatly  in  num- 
ber.   There  are  also  fewer  cultivated  fields,  although  some  alfalfa 
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and  wheat  are  grown.  Pastures  are  much  more  extensive,  for  the 
raising  of  cattle  increases  in  importance  as  the  cultivation  of  the  land 
becomes  more  difficult. 

The  village  of  Cimarron  (sim-ar-rohn')  derived  its  name,  which  is 
Spanish  for  wild  or  unruly,  from  Cimarron  Crossing,  a  ford  some 

distance  to  the  west,  where  the  short  cut  or  Cimarron 
Cimarron.  branch  of  the  Santa  Fe  Trail  crossed  Arkansas  River. 

Elevation 2,618 f«t.     Thjg  branch  passed  through  the  sand  hills,  crossed  the 

Population  587.  .    .  x        ~.r  ™-  i  , 

Kansas  city  386  miles,  plains  to  Cimarron  River,  and  went  southwest  to 

Wagon  Mound  and  Fort  Union.  Cimarron  was  an 
important  place  in  the  time  of  the  Santa  Fe  Trail.  In  the  early  days 
it  was  headquarters  for  many  hunters,  for  buffaloes  and  other  plains 
game  were  especially  abundant  in  this  vicinity.  Later  it  was  an 
important  cattle  center,  but  in  recent  years  agriculture  by  dry  farm- 
ing and  irrigation  has  become  the  principal  industry,  although  there 
are  still  many  cattle  in  the  region.  A  large  amount  of  wheat  is 
raised,  but  the  climate  is  too  arid  to  assure  good  crops  every  year 
without  the  aid  of  irrigation. 

At  points  2  and  3  miles  west  of  Cimarron  the  railway  is  on  the  river 
bank  and  passes  through  cuts  showing  buff  loams  of  the  deposits  of 
Tertiary  age  that  form  the  Great  Plains. 

A  mile  west  of  Ingalls  are  railway  cuts  exposing  hard  layers  of  con- 
glomerate, which  also  crop  out  in  banks  extending  down  to  the  river. 

This  conglomerate  consists  of  sand  and  gravel  that 
Ingalls.  have  been  cemented  by  calcium  carbonate,  which 

Eteration  2,666  feet,  ^as  in  solution  in  waters  percolating  through  the 
Kansas  city  393  miles,  deposits.     It  marks  the  course  of  river  channels  that 

crossed  the  region  in  late  Tertiary  time  and  deposited 
the  materials  of  the  Great  Plains.  There  are  other  exposures  of  this 
conglomerate  at  intervals  farther  west  nearly  to  Garden  City. 

A  prominent  ledge  of  this  rock  that  crops  out  close  to  the  railway 
2  miles  west  of  Pierceville  is  known  as  Point  of  Rocks.     At  this  place 

there  were  several  Indian  fights.  Toward  Garden 
Pierceville.  City  (see  sheet  7,  p.  44)  the  Arkansas  Valley  widens, 

Kievation  2,752  feet,     the  bluff  on  the  north  side  receding  northward  and 

Population  477.*  i  xi         i  -l-   "l  x*  t 

Kansas  City  405  miles,  becoming  a  gentle  slope,  which  continues  for  sev- 
eral miles  west. 
Garden  City,  the  seat  of  Finney  County,  has  wide  streets,  with  many 
shade  trees,  orchards,  and  garden  plots  sustained  by  irrigation.     It  is 

the  center  of  an  extensive  beet-sugar  industry,  and 
Garden  City.  a  j^ge  refinery  is  prominent  in  the  northern  part  of 
Elevation  2,829 feet,  the  town.  In  1914  about  50,000  tons  of  beets  were 
Kansas  city  418  miles,  worked  at  the  refinery,  yielding  13,000,000  pounds  of 

sugar.  The  pulp  is  used  for  cattle  feed.  Several 
canals  bring  water  from  Arkansas  River,  not  only  for  irrigation  in  the 
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town  but  for  many  fields  and  orchards  in  the  surrounding  r< 
Two  electric-power  plants  furnish  power  for  pumping  at  a  low 

At  several  places  in  the  valley  individuals  and   the  beel 
company  have  been  pumping  water  from  shallow  wells  for  irrij 
crops  and  in  general  the  results  are  satisfactory.     Some  of  the 
yield  2,000  gallons  a  minute,  and  the  supply  appears  adequal 

Near  Garden  City  an  irrigation  project  of  the  United  States 
mation  Service,  utilizing  the  underflow,  or  water  contained  in  the  i 
and  gravels  of  the  low  lands  along  the  river,  has  been  carrit 
The  plant  is  installed  at  Deerfield,  15  miles  west  of  Garden  City, 
a  number  of  shallow  wells  sunk  in  line  across  the  valley  are  pin 
to  supply  water  for  a  ditch  that  extends  along  the  north  slope 
valley  to  Garden  City  and  beyond.     The  cost  of  pumping 
because  the  surface  of  the  water  is  not  far  beneath  the  bott 
the  valley  and  the  volume  is  large.     Of  late,  however,  the  p< 
for  whom  the  water  was  provided  have  found  that  it  costs 
than  they  desire  to  pay,  so  that  the  operation  of  the  plant  has) 
suspended. 

.The  people  in  the  Arkansas  Valley  in  western  Kansas  have 
asserting  for  many  years  that  since  the  river  water  has  been 
extensively  for  irrigation  in  Colorado  the  underflow  in  Kansi 
greatly  diminished.  This  matter  was  in  a  degree  involved 
famous  suit  in  the  Supreme  Court  for  an  injunction  against  the 
of  Colorado  in  1901-1907.  Many  experts  testified  for  the  d( 
that  the  main  body  of  underflow  was  derived  from  the  slopes  adj< 
the  valley  and  that  its  volume  was  not  closely  related  to  the  ai 
of  water  flowing  down  the  river,  except  possibly  for  a  few  rods 
the  banks.  Detailed  observations  at  the  wells  at  Deerfield  and 
test  wells  sunk  by  the  Government  proved  that  the  line  of  flow  i 
valley  deposits  was  mainly  from  the  sides  toward  the  middle.1 


1  A  detailed  investigation  on  the  under- 
flow in  the  Arkansas  River  valley  in  Kan- 
sas was  made  in  1904  by  the  United  States 
Geological  Survey.  It  was  found  that 
near  Garden  City  the  water  table  of  this 
valley  slopes  downstream,  and  from  the 
bluff  lands  in  toward  the  river  during  ordi- 
nary stages.  If,  however,  the  river  be- 
came flooded  by  heavy  rains  to  the  west 
without  corresponding  rains  in  the  vicin- 
ity of  Garden  City  the  water  table  near  the 
channel  was  raised  and  water  spread 
from  the  river  channel  into  the  sands  of 
the  river  valley,  but  only  for  a  short  dis- 
tance. It  was  further  ascertained  that  a 
heavy  rain  at  Garden  City  would  mate- 
rially raise  the  water  table  in  the  valley 
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with  surprising  quickness.    The 
results  were  as  follows: 

"The    underflow    of    Arkansas 
moves  at  an  average  rate  of  8  feet 
hours  in  the  general  direction 
valley. 

"The  water  plane  slopes  to  the 
the  rate  of  7.5  feet  per  mile  and 
the  river  at  the  rate  of  2  to  3  U 
mile. 

"The  moving   ground  water   e: 
several  miles  north  from  the  river 
No  north  or  south  limit  was  found. 

"The  rate  of  movement  is  very"] 
form. 

"The  underflow  has  its  origin 
rainfall  on  the  sand  hills  south 
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thickness  of  the  sands  and  gravels  in  this  region  ranges  from  a  few  feet 
to  400  feet,  the  thickness  found  in  a  boring  in  Garden  City. 

West  of  Garden  City  the  traveler  is  fairly  within  the  semiarid  zone 
of  the  western  United  States,  where  there  are  large  areas  of  public 
lands  still  available  for  settlement.  On  the  plains  and  in  the  valleys 
the  soil  is  rich,  but  in  many  places  there  is  a  lack  of  the  water  neces- 
sary for  irrigation. 

The  settlers  in  the  western  counties  of  Kansas  have  had  many  vicis- 
situdes, mainly  caused  by  their  constant  struggle  against  the  semi- 
arid  climate.  After  the  terrible  drought  of  1860  thousands  of  set- 
tlers left  the  State.  Those  following  the  pioneers  who  failed  in 
western  Kansas  have  attacked  their  problems  of  home  making  with 
no  more  earnestness  but  with  much  greater  success,  owing  to  their 
better  knowledge  of  the  climate,  of  the  available  arid-land  crops, 
and  of  methods  of  tillage.  The  dry  and  somewhat  uncertain  climate 
has  been  the  greatest  obstacle  to  permanent  settlement  on  millions 
of  acres  of  unirrigated  land  not  only  in  western  Kansas  but  in 
adjoining  similar  regions  in  Texas,  Oklahoma,  Nebraska,  and  South 
Dakota.  The  grain  sorghums,  such  as  Kafir,  millo,  and  feterita, 
thrive  under  conditions  of  aridity  and  drought  where  corn  is  either 
a  partial  or  a  total  failure.  In  1893  the  acreage  planted  to  grain 
sorghums  in  Kansas  was  reported  as  well  under  100,000  acres;  in 
1914  it  was  over  1,700,000  acres,  and  the  average  return  per  acre 
was  several  dollars  higher  than  that  for  corn.  In  all  these  States 
the  grain  sorghums  are  now  rapidly  supplanting  corn.  Stock,  how- 
ever, is  the  principal  resource  of  this  region,  for  the  country  is  gen- 
erally covered  with  good  grass  which  not  only  keeps  cattle  alive 
but  fattens  them  for  market.  It  is  said  that  under  ordinary  condi- 
tions each  head  of  stock  requires  from  5  to  10  acres  of  grazing  land 
and  usually  more  or  less  feeding  during  the  severe  portions  of  the 
winter. 


river  and  on  the  bottom  lands  and  plains 
north  of  the  river. 

'The  sand  hills  constitute  an  essential 
part  of  the  catchment  area. 

'*  The  influence  of  the  floods  in  the  river 
upon  the  ground-water  level  does  not  ex- 
tend one-half  mile  north  or  south  of  the 
channel. 

*'A  heavy  rain  contributes  more  water 
to  the  underflow  than  a  flood. 

"  On  the  sandy  bottom  lands  60  per  cent 
of  an  ordinary  rain  reaches  the  water  plane 
as  a  permanent  contribution. 

''The  amount  of  dissolved  solids  in  the 
underflow  grows  less  with  the  depth  and 
with  the  distance  from  the  river  channel. 


"There  is  no  appreciable  run-off  in  the 
vicinity  of  Garden  City,  Kans.  Practi- 
cally all  of  the  drainage  is  underground 
through  the  thick  deposits  of  gravels. 

"Carefully  constructed  wells  in  Arkan- 
sas Valley  are  capable  of  yielding  very 
large  amounts  of  water.  Each  square  foot 
of  percolating  surface  of  the  well  strainers 
can  be  relied  upon  to  yield  more  than  0.25 
gallon  of  water  per  minute  under  1-foot 
head. 

"  There  is  no  indication  of  a  decrease  in 
the  underflow  at  Garden  City  in  the  last 
five  years.  The  city  well  showed  the 
same  specific  capacity  in  1904  that  it  had 
in  1899, " 
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At  Holcomb,  7  miles  west  of  Garden  City,  may  be  noted  on  the 
north  side  of  the  track  a  loader  of  the  sort  in  general  use  for  dumping 

beets  from  wagons  into  the  freight  cars.    The  ordinary 
m  '  crop  of  beets  suitably  irrigated  is  from  10  to  15  tons 

K^toCit2;«V^es.  to  the  ™Te  ^   they  brinS  about  *5-50  a  ton  at  tk* 

place  of  delivery.  The  tops  are  also  sold  for  stock  feed 
at  about  $3  a  ton.  The  cost  of  cultivation,  harvesting,  and  handling 
is  $30  to  $40  an  acre.  One  ton  of  beets  yields  about  250  pounds  of 
refined  sugar. 

In  the  vicinity  of  Garden  City  and  farther  west  the  sand  hills  are 
very  conspicuous  south  of  the  Arkansas,  where  they  cover  a  district 
from  15  to  18  miles  wide.  This  sand  has  been  .blown  out  of  the  river 
bed  by  the  prevailing  northwest  winds.  The  sand  is  in  a  thick  sheet, 
but  is  blown  into  dunes  and  dunelike  ridges  separated  by  irregular 
winding  basins.  Some  of  the  dunes  are  50  to  60  feet  high,  and  many 
of  them  have  crater-like  holes  blown  out  of  their  tops.  Much  of  the 
sand-hill  area  contains  bunch  grass  and  kindred  plants,  but  other 
portions  are  bare  and  the  sand  continues  to  be  blown  farther  from 
the  river  with  every  strong  wind,  while  new  supplies  are  added  from 
the  river  bed.     This  process  can  readily  be  seen  on  a  windy  day. 

West  of  Holcomb  the  part  of  the  valley  north  of  the  river  narrows 
somewhat,  but  the  slopes  are  gentle  and  are  mostly  covered  with 

crops,  so  that  there  are  no  exposures  of  the  underly- 
Deerfield.  ing  formations.     In    this  vicinity  and   at  Deerfield 

Elevation  2,936  feet     the  north  side  of  the  valley  presents  a  broad  second 
Ka^aty1^ mflea.  terrace  or  step,  50  to  100  feet  higher  than  the  river 

flats,  a  feature  not  common  along  this  river.  A  few 
rods  east  of  Deerfield  station  and  just  south  of  the  tracks  is  the 
pumping  station  of  the  United  States  Reclamation  Service,  where 
water  has  been  pumped  from  a  series  of  shallow  wells  as  already 
described.  For  a  mile  west  of  Deerfield  the  railway  is  close  to  the 
river,  and  the  banks  show  thick  beds  of  loam  and  sand  of  the  later 
river .  deposits.  Northwest  of  Deerfield  is  Lake  McKinney,  a  large 
reservoir  supplied  mainly  by  ditches  from  the  river  above  Lakin.  Its 
water  is  used  for  irrigation  in  a  wide  district  south  and  northeast  of 
Deerfield. 

Near  Lakin  the  higher  lands  of  the  plains  approach  the  river  from 
the  north,  and  in  the  next  2  miles  the  steep  slopes  rising  to  them  are 

near  the  track.  These  sandy  slopes  present  widely 
LaWn.  scattered  outcrops  of  a  white  grit  rock  of  Tertiary 

Elevation  2,991  feet.     age.     One  conspicuous  outcrop  of  this  rock  is  north  of 
KaSL^city  440  miles.  ^e  track,  5$  miles  west  of  Lakin,  where  a  knoll  is 

capped  by  it.  In  this  region  there  are  occasional 
shallow  railroad  cuts  in  the  alluvial  materials  of  the  valley  fill. 
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Beyond  Hartland  the  valley  is  narrowed  greatly  by  the  encroach- 
ments of  high  lands  on  the  north  and  of  the  wide  belt  of  sand  hills  on 

the  south.  The  plain  to  the  north  is  nearly  200  feet 
Hartland.  above  the  valley  and  is  a  smooth  expanse  character- 

Etfvation  3,049  feet,     istic  of  the  Great  Plains  in  general.    Southwest  of 
K^^aty447*mfies.  Hartland  the  Government  set  aside  a  part  of  the  sand 

hills  as  a  national  forest  for  the  cultivation  of  trees, 
but  this  area  will  be  open  to  agricultural  settlement  after  November, 
1915.  Just  west  of  Hartland  is  the  well-known  Chouteaus  Island, 
at  a  ford  across  the  Arkansas.  Here,  in  1817,  a  French  trader  named 
Chouteau  took  refuge  from  the  Indians,  finally  escaping.  It  was  in 
this  vicinity  that  Maj.  Riley  encamped  in  1829  with  the  battalion 
that  formed  the  first  caravan  escort  sent  out  bv  the  United  States. 
On  the  other  side  of  the  river  the  battalion  was  met  by  a  Mexican 
escort  dispatched  by  the  Mexican  Government.  In  1828  a  party  of 
travelers  cached  $10,000  in  silver  at  this  place,  being  too  exhausted 
to  cany  it  farther.     A  year  later  they  went  back  and  recovered  it. 

A  short  distance  west  of  Hartland  shales  and  limestone  of  Cre- 
taceous age  rise  above  the  valley  bottom  and  continue  in  sight  on*  the 
north  side  of  the  track  far  westward  into  Colorado.  The  surface 
on  which  the  deposits  of  the  Great  Plains  were  laid  down  was  in 
places  somewhat  irregular.  In  this  vicinity  there  was  a  hill  of  Cre- 
taceous material  to  the  west  and  a  deep  hollow  in  the  region  on  the 
east,  as  has  been  disclosed  by  the  excavation  of  the  Arkansas  Valley 
by  later  erosion  through  the  Tertiary  gravels  into  Cretaceous  deposits. 
Two  miles  west  of  Hartland  a  slight  arching  up  of  the  beds  brings 
into  view  the  Dakota  sandstone,  which  crops  out  in  a  short  hue  of 
low  cliffs  on  the  south  bank  of  the  river  at  the  edge  of  the  sand  hills. 
North  of  the  track  in  this  vicinity,  near  milepost  437,  a  short  distance 
east  of  Sutton  siding,  the  railway  is  on  the  steep  bank  of  the  river 
and  passes  through  deep  cuts  affording  excellent  exposures  of  the 
top  beds  of  the  Graneros  shale,  capped  by  the  Greenhorn  limestone 
at  a  plane  about  20  feet  above  the  tracks.  These  rocks  are  of  Upper 
Cretaceous  age.  The  shale  is  dark  gray  and  mostly  in  thin  layers. 
About  20  feet  below  its  top  are  two  hard  layers  consisting  largely 
of  shells  of  a  small  oyster  (Ostrea  congesta,  a  species  which  also 
occurs  in  large  numbers  in  the  Niobrara  group).  The  overlying 
Greenhorn   limestone,  named   from  Greenhorn  Creek,  in  Colorado, 

where  it  i3  extensively  exposed,  is  soft  and  earthy 
Kendall.  an(j  weathers  to  a  light-yellow  tint.     It  crops  out 

Elevation 3,123  feet.     at  intervals  to  Kendall  and  beyond,  but  near  Mayline 
kmL?  city  45«  ma*s.  and  for  &  short  distance  farther  west  is  hidden  by 

wash  on  the  slopes  and  the  gravel  and  sand  of  a 
narrow  terrace  which  borders  the  valley  in  that  vicinity.  This  gravel 
has  been  dug  extensively  for  ballast  for  the  railway  in  pits  a  short 
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distance  north  of  the  tracks.  The  Greenhorn  limestone  is  excai 
for  building  stone  in  several  quarries  of  considerable  size  a  mile  n 
west  of  Syracuse,  all  visible  from  the  railway. 

Fort  Aubrey,  near  Kendall,  was  one  of  the  old  forts  garrison 
troops  to  protect  travelers  on  the  Santa  Fe  Trail. 

Syracuse  is  one  of  the  larger  villages  of  western  Kansas  an 
long  the  center  of  extensive  cattle  interests  before  the  ran 

broken  up  by  homesteaders.     It  was  settled  in 
Syracuse.  by  a  colony  from  Syracuse,  N.  Y.    The  San 

Elevation  3,220  feet.     Trail  passes   through  the  village,  where   a 

Population  1,126.  ,     r  ,  8wl  -i  *    *•  o 

Kansas  city  4«9  miles,  marker  can  be  seen  at  the  railway  station.     S 

has  a  picturesque   hotel,   named  after   the  f 
Cherokee  half-breed  Sequoyah.     This  Indian  after  being  cripp 
an  accident  turned  his  attention  to  sedentary  pursuits.     His 
achievement  was  the  invention  of  an  alphabet  founded  upon  the 
bles  of  the  Cherokee  language.     This  was  eagerly  adopted  b 
chiefs  of  that  tribe,  and  in  a  few  months  thousands  of  the  I 
could  read  and  write  it.     Sequoyah  took  part  also  in  the  organi 
of  the  reunited  Cherokees  into  their  new  Cherokee  Nation  in 
Territory,  now  Oklahoma. 

At  Syracuse  the  north  side  of  the  Arkansas  Valley  has  slo 
soft  impure  limestone  and  shale,  mostly  covered  with  grass  b 
places  exhibiting  low  cliffs  of  white  Greenhorn  limestone.     Alt 
soft  and  not  very  thick-bedded,  it  is  useful  for  building  stone 
it  has  been  burned  into  lime  to  some  extent.     A  part  of  this 
stone  consists  of  minute  shells,  called  Foraminifera,  because    J^jjW 
shell  coverings  are  full  of  pores  or  small  holes.     These  tiny  anl  "  \  * 
existed  in  large  numbers  in  the  sea  from  which  the  material  in 
lhnestone   was   deposited.     Shells   of   extinct   sea-living   molli 
somewhat  similar  to  our  oysters  and  clams,  are  also  included : 
which  indicates  that  this  area  was  under  the  water  of  a  sea  or 
of  the  ocean  in  later  Cretaceous  time.    This  inundation  cover 
large  portion  of  western  America,  for  these  limestones  and  a 
occupy  many  thousands  of  square  miles  in  western  Kansas,  e 
Colorado,  New  Mexico,  and  other  States  on  the  north  and 
and  it  continued  for  a  long  time.1 
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1  Under  the  Greenhorn  limestone  is 
about  200  feet  of  dark  shale  (the  Graneros) 
which  is  penetrated  by  many  borings 
in  the  Arkansas  Valley.  This  shale 
was  clay  or  mud  deposited  in  the  sea 
in  the  earlier  stage  of  the  submergence 
above  referred  to,  but  the  material  of  the 
Greenhorn  limestone,   very  largely  cal- 


cium carbonate,  was  separated  fro; 
water  by  animal  and  chemical  p 
at  a  time  when  the  water  was  rela 
clear  or  had  ceased  depositing  clay, 
water  remained   clear  duriug  the 
time  required  for  the  accumulation 
deposit  now  represented  by  50  to  60 
of  limestone. 


A  »* 
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A  quarry  in  the  Greenhorn  limestone  is  visible  from  the  railway 
a  short  distance  west  of  Syracuse,  and  low  bluffs  of  the  rock  appear 
at  intervals  to  and  beyond  Medway  siding.  The  table-land  above  the 
slope  on  the  north  side  of  the  valley  is  capped  by  the  great  sheet  of 
Tertiary  deposits  already  mentioned.  The  low  white  cliffs  appearing 
at  many  points  near  the  top  of  this  slope  consist  of  the  characteristic 
grit  of  these  deposits.  On  the  south  side  of  the  valley  is  the  broad 
zone  of  sand  hills  which  continues  to  and  beyond  Ooolidge. 

East  of  Coolidge  (see  sheet  8,  p.  48)  and  for  a  short  distance  west 
of  it  there  are  scattered  ledges  of  Greenhorn  limestone  along  the  foot 

of  the  slope  on  the  north  side  of  the  valley,  but  most 
Coolidge,  Kans.     0f  ^he  sl0pes  are  gentle  and  grass-covered,  as  the 
Eievatim  3,341  feet,     rocks  are  too  soft  to  form  prominent  bluffs. 
Kansas  city  484  miles.     Coolidge  was  named  for  T.  J.  Coolidge,  a  former 

president  of  the  Santa  Fe  Railway  Co.  It  is  near  the 
eastern  limit  of  the  Arkansas  Valley  artesian  area,  in  which  flowing 
wells  are  obtained  along  the  bottom  lands  nearly  as  far  west  as 
the  foot  of  the  Rocky  Mountains.  The  artesian  condition  ends  on 
the  east  because  finally,  through  leakage  of  water  to  the  surface,  the 
head  becomes  too  low  to  afford  a  flow. 

The  State  line  between  Kansas  and  Colorado  is  crossed  six-tenths 
of  a  mile  beyond  milepost  470. 

Colorado  has  an  area  of  103,948  square  miles  and  contains  varied 
physical  features  and  many  natural  resources.     Its  eastern  part  lies 

on  the  higher  portion  of  the  Great  Plains,  and  its 
Colorado.  western  part  includes  a  broad  area  in  the  higher 

portion  of  the  Rocky  Mountains.  Numerous  rivers 
afford  water  for  irrigation,  by  which  largo  crops  are  produced  in  many 
districts;  the  moun tains  have  productive  mines  of  gold,  silver,  and 
other  metals;  thick  beds  of  coal  occur  in  several  regions;  and  wide 
areas  are  utilized  for  stock  raising.  More  than  200  of  the  mountain 
peaks  in  central  Colorado  are  higher  than  13,000  feet  above  the  sea, 
and  40  are  over  14,000  feet.  The  highest  are  Elbert  and  Massive 
mountains,  in  Lake  County,  each  of  which  rises  14,402  feet. 

When  the  early  Spanish  explorers  passed  through  Colorado  they 
found  no  people,  but  ruins  of  many  habitations.  Lieut.  Pike  dis- 
covered the  Rocky  Mountains  in  1806  and  Col.  Long  visited  them  in 
1820.  Fremont  crossed  this  range  in  the  northern  part  of  the  State 
in  1843.  Part  of  the  area  was  included  in  the  Louisiana  Purchase, 
part  was  included  in  the  Republic  of  Texas,  and  the  remainder  was 
ceded  by  Mexico  in  1848.  Settlement  began  in  1858,  when  the  dis- 
covery of  gold  at  Platte  River,  near  the  site  of  Denver,  drew  a  large 
tide  of  immigrants.     The  Territory  of  Colorado,  which  was  organized 
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in  1861,  included  portions  of  Kansas,  Nebraska,  New  Mexico,  and 
Utah.  The  Civil  War  and  depredations  by  Indians  greatly  retarded 
its  development,  but  in  1876  the  State  was  admitted  to  the  Union. 
In  1910  the  population  was  799, ©24  and  the  density  7.7  to  the  mile, 
or  nearly  twice  as  great  as  in  the  census  of  1890. 

Holly  is  a  center  for  ranch  and  cattle  interests.  Three-quarters  of 
a  mile  to  the  west,  on  the  north  side  of  the  track,  is  a  large  beet-sugar 

factory,  utilizing  the  sugar  beets  which  are  raised 
Holly,  Colo.  by  irrigation  in  adjacent  portions  of  the  valley.     The 

Elevation  3,379  feet.     Santa  Fe  Trail  passed  through  this  place  and  its 

Population  724.  <■  . .  i      j   i_  mi_  j.  m± 

Kansas  city  490  miles,  location  is  marked  by  a  granite  monument  opposite 

the  station.  A  short  distance  to  the  south  is  an  old 
stone  building  built  in  1873  for  protection  against  Indians.  In  the 
vicinity  of  Holly,  and  thence  to  Amity,  the  valley  slopes  present  few 
rock  outcrops  excepting  occasional  ledges  of  nearly  horizontal  beds  of 
Greenhorn  limestone. 

The  village  of  Amity  was  created  by  the  industrial  division  of  the 
Salvation  Army  for  the  purpose  of  giving  outdoor  work  to  a  colony  of 

250  persons  connected  with  that  organization.  It 
Amity.  wa3  started  as  "Fort  Amity"  in  1898,  with  a  tract  of 

Elevation  3,410  feet,     j  80o  acres>     Considerable  land  has  been  cultivated, 

Kansas  City  495  miles.  .,-,  ,.  -  ,  .  , 

mainly  for  the  production  of  sugar  beets  to  send  to 
the  factory  at  Holly.  The  broad  alluvial  flats  along  the  north  side 
of  the  river  are  especially  suited  to  the  cultivation  of  this  plant, 
which  is  irrigated  by  water  brought  in  canals  from  higher  up  the 
valley.  This  industry  is  increasing,  and  now  there  are  six  factories 
between  Pueblo,  Colo.,  and  Garden  City,  Kans.,  that  have  a  total 
capacity  of  about  5,000  tons  of  beets  a  day. 

Just  beyond  milepost  480  the  railway  crosses  Arkansas  River,  to 
continue  on  the  south  bank  to  La  Junta.  A  branch,  however, 
intended  for  local  service  in  the  valley,  especially  in  connection  with 
the  sugar-beet  industry,  leaves  the  main  line  at  Holly  and  follows 
the  north  slope  of  the  valley  as  far  as  Rocky  Ford,  famous  for  its 
cantaloupes.  In  the  Colorado  portion  of  the  Arkansas  Valley,  which 
the  railway  follows  to  La  Junta,  about  205,000  acres  is  irrigated  from 
the  river,  and  there  are  many  ditches  for  distributing  and  several 
large  reservoirs  for  storing  water.1  Fruit,  grain,  vegetables  (includ- 
ing 27,350  acres  of  sugar  beets),  and  forage  crops  are  the  principal 
products. 


1  The  mean  discharge  of  the  Arkansas 
at  La  Junta,  determined  by  gagings  by 
the  United  States  Geological  Survey, 
is  338  second-feet — that  is,  cubic  feet  a 


second.  In  dry  times  the  flow  dimin- 
ishes to  less  than  10  second-feet,  and  at 
times  of  flood  it  has  exceeded  10,000 
second-feet. 


THE  SANTA  FE  ROUTE. 


47 


Granada  is  built  near  the  site  of  the  great  cattle  depot  of  Trail  City 
in  the  days  of  the  Santa  Fe  Trail.     Here  one  of  the  principal  trails 

from  Texas  reached  the  river  and  large  numbers  of 
Grenada.  southern  cattle  were  delivered  to  herders,  who  drove 

p'^lub 3f438  ,eet"     ^em  *°  the  northern  ranches.     In  this  vicinity  the 
Kansas  city  501  miles,  river  is  in  a  wide  valley,  with  level  floor  and  long 

slopes  rising  on  each  side  to  the  table-lands  of  the 
Great  Plains.  The  railway  is  on  the  alluvial  deposits,  only  a  few  feet 
higher  than  the  river.  In  the  adjoining  slopes  are  outcrops  of 
various  rocks  of  the  Cretaceous  period.  The  relations  of  these  rocks 
are  shown  in  the  section  on  sheet  8  (p.  48).  The  beds  form  a  basin- 
like sag  in  the  vicinity  of  Granada,  so  that  the  Greenhorn  limestone 
lies  several  hundred  feet  deep,  and  the  overlying  shales  and  limestones 
constitute  the  surface.  These  shales  (the  Carlile),  about  200  feet 
thick,  together  with  the  overlying  limestone  (the  Timpas),  crop  out 
in  low  bluffs  a  short  distance  south  of  Granada,  as  well  as  in  the 
slopes  on  the  north  side  of  the  valley.  The  limestone  is  quarried  to 
some  extent  for  building  stone  and  lime.  It  is  soft  and  chalky  and  is 
very  similar  to  the  Greenhorn  limestone  in  most  respects,  but  occurs 
in  somewhat  thicker  beds.1  A  1,000-foot  well  at  Granada  obtains 
water  from  the  Dakota  sandstone,  underlying  the  Graneros  shale, 
but  the  pressure  is  not  great  enough  to  afford  a  flow,  as  in  the  many 
borings  farther  up  and  down  the  valley. 

West  of  Granada  the  rocks  rise  gradually.     In  the  vicinity  of 
Grote  siding  the  Greenhorn  limestone  comes  up  again,  although  near 

the  river  it  is  covered  by  the  alluvial  deposits  which 

floor  the  valley.  Near  milepost  496  the  Dakota 
Elevation  3,486  feet     sandstone  reaches  the  surface,  and  except  for  a  short 

Kansas  City  607  miles.     ,.  '  *T 

distance  at  Lamar  it  appears  all  along  the  lower  por- 
tion of  the  valley  slopes  to  Las  Animas  and  beyond.  The  structural 
relations  of  the  strata  which  result  in  the  cropping  out  of  the  Dakota 
sandstone  are  shown  in  the  section  on  sheet  8. 


Grote. 


1  The  Timpas  limestone  contains  im- 
pressions of  shells  and  large  numbers  of 
Foraminifera,  showing  that  it  was  de- 
posited by  the  sea  under  conditions  very 
similar  to  those  which  prevailed  during 
the  time  of  the  deposition  of  the  Green- 
horn limestone. 

There  is  in  this  succession  of  limestone 
and  shale  formations  an  interesting  chap- 
ter in  geologic  history,  the  Graneros  and 
Carlile  shales  consisting  of  deposits  from 
muddy  water  and  the  Greenhorn  and 
Timpas  limestones  consisting  of  deposits 
from  waters  containing  but  little  clay  or 


sand  in  suspension.  These  conditions 
were  widespread  over  a  great  extent  of 
the  plains  country  east  of  the  Rocky 
Mountains,  for  this  repeated  alternation 
of  shale  and  limestone  is  general  through- 
out the  area.  During  this  lime  there 
was  a  great  variety  of  life  in  the  waters, 
as  shown  not  only  by  large  numbers  of 
shells  but  remains  of  fish  and  reptiles, 
especially  in  the  Niobrara  beds.  A 
restoration  of  one  of  the  most  remarkable 
creatures  is  shown  in  Plate  V,  B.  This 
restoration  was  based  on  bones  found  in 
the  Niobrara  rocks  in  western  Kansas. 
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Between  mileposts  495  and  496  there  is  a  long  railway  cut 
feet  deep,  through  loam  with  interspersed  beds  of  bowlders, 
and  sand  of  the  alluvial  deposits  that  floor  the  valley  and  consi 
terrace  slightly  higher  than  the  river  flat  to  the  east  and  west 
material  was  deposited  by  the  river  a  few  thousand  years 
the  variations  in  coarseness  and  texture  were  caused  by  altei 
of  swifter  and  slower  currents,  the  former  bringing  coarse 
and  the  latter  depositing  silt  and  sand.     Changes  of  channel 
quent  in  Arkansas  River,  as  in  many  other  large  streams.    A 
illustration  of  such  a  change  is  visible  halfway  between  mile] 
and  497,  where  a  new  channel  has  been  cut  by  a  recent  flood. 

Lamar,  the  seat  of  Prowers  County,  was  named  for  L.  Q.  C. 
a  former  Secretary  of  the  Interior.     It  has  extensive  agri< 

and   cattle   interests    in   the   surrounding 
Lamar.  Besides  several  mills  and  factories,  the  town  hi 

Elevation  3,577  feet     milk-condensing  plant,  supplied  by  many  dai 

Population  2,977.  .  .  '        rr  J  J 

Kansas  city  518  miles,  ers  in  the  vicinity.     In  1914  the  milk  of  2,C 

was  being  condensed.     There  is  also  a  beet-si 
tory  here,  but  of  late  it  has  not  been  in  operation  because  the 
in  this  vicinity  have  come  to  the  conclusion  that  beet  raisi 
sufficiently  profitable  for  them.     Bees  are  kept  in  large  m 
and  honey  is  an  important  local  product. 

Very  few  rocks  are  visible  in  the  vicinity  of  Lamar, 
ledges  of  the  Dakota  sandstone  appear  in  some  of  the  slopes! 
east  of  the  town  and  at  many  places  farther  west  along  the 
This  rock  becomes  conspicuous  in  the  river  bluffs  at  Prowers 
of  that  place  on  both  sides  of  the  stream.     It  is  exposed  along 
the  railway  from  milepost  509,  \\  miles  east  of  Prowers,  rn 
Las  Animas.     Near  milepost  520  the  railway  cuts  expose  shale, 
separates  some  of  the  beds  of  Dakota  sandstone  at  most  lo< 
The  predominant  features  of  the  formation,  however,  are  the 
massive  coarse  gray  sandstone.     This  material  is  used  to  some 
as  a  building  stone,  although  much  of  it  is  too  slabby  or  ii 
texture  or  color  to  be  of  any  great  value  for  that  purpose. 

Caddoa  derives  its  name  from  the  linguistic  family  of  whi^ 
Pawnee  and  Wichita  Indians  of  this  vicinity  were  branches. 

the  immediate  river  valley  is  narrow,  bluffs  of 
sandstone  rising  from  the  alluvial  flat  near  the 
FJevatkm vssfeet     on  both  ^^    To  the  north  these  bluffs 

Kansas  city  537  miles,  mounted  by  an  irregular  terrace  covered  with 

and  sand,  and  to  the  south  they  are  interrupt 
sandy  slopes  partly  occupied  by  dunes.    A  well  at  Caddoa,  boi 
feet  deep,  passed  through  the  Dakota  sandstone  but  did  not 
a  very  satisfactory  water  supply  in  its  lower  portion,  and  the 
Ud  not  have  sufficient  pressure  to  come  to  the  surface. 
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Opposite  Hilton  siding  (see  sheet  9,  p.  54),  about  three-quarters 
of  a  mile  beyond  milepost  526,  is  old  Fort  Lyon,  a  well-known  mili- 
tary post  on  the  Santa  Fe  Trail,  which  was  an  important  depot  of 
supplies.  A  regiment  of  soldiers  was  garrisoned  there  to  give  pro- 
tection to  travelers.  The  old  fort  is  on  the  top  of  the  bluff  of  Dakota 
sandstone  on  the  north  side  of  the  river,  and  the  few  remaining 
buildings  are  plainly  visible  from  the  railway.  They  are  now 
utilized  as  a  United  States  naval  sanitarium.  Seven  miles  northeast 
of  this  fort  a  boring  was  sunk  815  feet  by  the  United  States  Govern- 
ment in  1881  to  test  the  underground-water  conditions.  It  cost 
more  than  $18,000  and  obtained  only  a  very  small  flow  of  watqr,  but 
it  gave  considerable  information  as  to  the  succession  of  strata. 

At  milepost  534  the  railway  crosses  Purgatoire  River,  which  flows 
from  the  south  and  drains  a  large  area  of  the  western  Great  Plains  in 
southeastern  Colorado;  the  railway  reaches  it  again  at  Trinidad. 
This  river  was  named  Rio  de  las  Animas  Perdidas  (river  of  lost  souls) 
by  the  Spaniards  because  of  the  loss  of  a  party  of  travelers  in  its 
treacherous  waters.  The  French  visitors  translated  this  to  Pur- 
gatoire, which  the  frontiersmen  pronounce  and  spell  "Picketwire," 
and  that  name  is  now  in  local  use. 

Las  Animas  (ahn'ec-mas),  the  seat  of  Bent  County,  derives  its 
name  from  the  Spanish  name  for  Purgatoire  River.    It  is  said 

that  from  this  locality  in  1806  Lieut.  Zebulon  Pike 
first  saw  the  peak  which  now  bears  his  name.1  One 
of  the  principal  industries  of  Las  Animas  is  a  large 
beet-sugar  factory,  the  beets  for  which  are  raised  at 
man}7  places  in  the  vicinity  by  means  of  irrigation 
from  ditches  extending  along  the  north  side  of  the  valley.  Besides 
beets,  of  which  the  yield  is  25  tons  to  the  acre,  much  wheat  is  pro- 
duced here,  and  all  along  the  valley  from  Las  Animas  to  Rocky 
Ford  the  famous  Rocky  Ford  cantaloupes  are  raised. 

On  the  outskirts  of  Las  Animas,  not  far  west  of  the  station,  on  the 
south  side  of  the  track,  is  a  small  settlement  of  Mexicans  living  in 
characteristic  adobe  houses.  This  is  the  first  of  these  settlements 
to  be  observed  on  the  Santa  Fe  route,  but  they  are  very  numerous 
through  southwestern  Colorado  and  New  Mexico.  The  old  home  of 
the  noted  scout  Kit  Carson,  at  Las  Animas,  is  still  in  existence,  and 
another  survivor  of  the  old  days  is  the  stage  coach  in  which  Horace 
Greeley  toured  the  West  in  1859. 


Las  Animas. 

Elevation  3,866  feat. 
Population  2,008. 
Kansas  City  551  miles 


1  Pike's  expedition  ascended  Osage 
River  and  crossed  the  country  northwest- 
ward to  the  Pawnee  Republic,  in  Republic 
County,  Kane,,  where  he  compelled  the 


Indians  to  haul  down  the  Spanish  flag. 
He  then  proceeded  south  westward  toGreat 
Bend,  Kans.,  and  ascended  the  Arkansas 
to  the  foot  of  the  mountains  in  Colorado. 
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A  few  miles  west  of  Las  Animas,  on  the  north  bank  of  the  rivor, 
was  Bents  Fort,1  a  noted  place  on  the  Santa  Fe  Trail.  This  fort  was 
very  prominent  in  the  days  when  the  Army  of  the  West  marched 
through  in  1846,  but  it  was  demolished  in  1852  because  the  Govern- 
ment would  not  purchase  it  at  the  price  asked.  The  building  was  a 
very  large  (180  by  135  feet)  one-«tory  structure  15  feet  high,  with 
walls  4  feet  thick,  situated  several  miles  above  the  junction  of  Purga- 
toire  and  Arkansas  rivers,  where  the  trail  crossed  Arkansas  River. 
In  early  days  the  Arkansas  was  the  northern  boundary  of  Mexico 
westward  from  a  point  near  Fort  Dodge.  On  crossing  the  river  the 
caravpns  passed  from  the  protection  of  United  States  troops  to  that 
of  Mexican  soldiers. 

Five  miles  west  of  Las  Animas  the  railway  approaches  bluffs  of 
dark  Graneros  shale  capped  by  the  Greenhorn  limestone,  which  extend 
along  the  south  bank  of  the  river  for  some  distance  to  the  west.  A 
slight  westerly  dip  finally  carries  the  shale  below  the  surface  of  the 
alluvial  filling  of  the  valley,  but  cliffs  or  ledges  of  the  limestone  are 
almost  continuous  nearly  to  La  Junta.  These  ledges  consist  of 
alternating  thin  beds  of  limestone  and  dark  shale,  a  feature  which  is 
highly  characteristic  of  this  formation  and  is  shown  in  Plate  VI 
(p.  52).  In  an  exposure  20  feet  high  there  may  be  thirty  alterna- 
tions of  such  beds.  This  feature  indicates  that,  at  the  time  of  their 
deposition,  there  were  rapid  and  repeated  changes  from  muddy 
water,  depositing  dark  clay,  to  clear  water,  from  which  the  calcium 
carbonate,  now  represented  by  the  limestone,  was  separated.  It  is 
thought  that  these  changes  were  due  to  changes  in  climatic  condi- 
tions. As  this  feature  is  characteristic  of  the  Greenhorn  limestone 
in  a  region  more  than  2,000  miles  from  north  to  south  and  500  miles 
from  east  to  west  in  the  Great  Plains  province,  it  shows  that  the 
conditions  of  deposition  were  uniform  over  a  wide  area. 

On  the  north  side  of  the  river  flat  west  of  Las  Animas  is  the  edge 
of  a  table-land  showing  bluffs  at  intervals,  in  which  are  many  small 
outcrops  of  the  Timpas  limestone,  a  formation  about  200  feet  higher 
in  the  geologic  column  than  the  Greenhorn.  Outlying  areas  of  this 
table-land  some  distance  south  of  the  tracks  may  be  seen  at  intervals 
for  6  miles.    A  few  rods  east  of  milepost  552  a  small  canyon  south 


1  The  Bent  family  was  prominent  in 
frontier  history  and  established  succes- 
sive trading  posts,  each  known  as  Bents 
Fort,  among  the  Indians.  The  original 
post,  up  the  river  toward  Pueblo,  Colo., 
was  built  in  1828.  The  fur-trading  firm 
of  Bent  &  St.  Vrain  was  next  in  size  to 
the  American  Fur  Co.  Charles  Bent 
was  appointed  Territorial  governor  of 
New  Mexico   by   Gen.    Kearney    when 


the  Army  of  the  West  took  possesion 
of  Santa  Fe.  William  Bent,  one  of  the 
brothers,  was  a  "squaw  man,"  having 
married  the  daughter  of  a  Cheyenne 
chief.  Ilis  son,  after  receiving  a  good 
education  in  St.  Louis,  gathered  about 
him  a  band  of  savage  Indians  and 
became  so  dangerous  an  outlaw  that 
the  Government  offered  $5,000  for  hi? 
capture. 
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La  Junta. 

Elevation  4,046  feet. 


of  the  railway  shows  the  characteristic  alternation  of  shale  and  lime- 
stone beds  in  the  Greenhorn  limestone. 

La  Junta  (hoon'ta),  the  seat  of  Otero  Count)7-,  is  a  railway  division 
point  where  all  trains  stop  for  change  of  engine  and  meals  are 

served.  Here  also  the  line  for  Colorado  Springs  and 
Denver  branches  off,  continuing  westward  up  the 
valley  of  Arkansas  River  to  Pueblo.     La  Junta  is  a 

K°r^aty  s^mfles.  vei7  old  **>wn  for  this  part  of  the  country.    Seventy 

years  ago  it  was  an  important  trading  center  on  the 
Santa  Fe  Trail  which  crossed  the  river  a  short  distance  below  and 
from  La  Junta  continued  southwest  near  the  line  of  the  present  rail- 
way to  Trinidad.  A  stone  monument  a  block  south  of  the  station 
marks  its  location  in  La  Junta.  The  principal  industrial  interests 
here  are  the  large  railway  shops,  but  the  city  also  has  the  trade  of 
an  extensive  adjacent  ranch  country.  The  name  is  a  Spanish  term, 
meaning  junction,  and  refers  to  the  convergence  of  the  old  trails  at 
this  place.  Much  of  the  water  supply  of  La  Junta  is  obtained  from 
artesian  wells  sunk  through  the  limestone  and  shales  to  the  porous 
Dakota  sandstone,  in  which  the  water  is  under  enough  head  to  afford 
a  flow. 

The  long  westward  journey  across  the  plains  terminates  a  short 
distance  west  of  La  Junta,  and  beyond  may  be  seen  the  eastern 
edge  of  the  Rocky  Mountain  ranges,  rising  above  the  western  edge 
of  the  plains  and  extending  from  north  to  south,  presenting  a  mag- 
nificent panorama.  The  sight  of  these  mountains  cheered  the  hearts 
of  the  overland  wagon-train  immigrants  after  their  dreary  marches 
across  the  plains,  and  it  still  cheers  the  sons  of  the  West  as  they 
return  to  their  mountain  homes  and  also  welcomes  the  stranger  to 
the  Cordilleran  country.  These  ranges  extend  270  miles  southward, 
to  Glorieta  Pass,  and  in  order  to  get  around  them  the  railway  now 
begins  to  turn  in  the  same  direction  and  will  soon  enter  a  region  that 
presents  interesting  phenomena  along  their  foothill  margin. 

A  short  distance  west  of  La  Junta  the  route  leaves  the  valley  of 
Arkansas  River.  It  crosses  the  plains  toward  the  foothills  of  the 
Rockies,  following  a  course  nearly  due  southwest  to  Trinidad.  It  is 
close  to  the  old  Santa  Fe  Trail  all  the  way.  There  is  a  continuous 
upgrade,  at  first  on  long,  gentle  slopes  of  the  Timpas  limestone,1  a 
rock  which  appears  in  numerous  cuts  and  small  outcrops  along  the 
track  to  and  beyond  Timpas  siding. 


1  The  Timpas  limestone,  which  was  bo 
named  from  its  occurrence  on  Timpas 
Creek,  is  widespread  in  the  central  Great 
Plains  region  and  constitutes  the  lower 
formation  of  the  Niobrara  group.  The 
principal  body  of  limestone  is  from  50  to 
GO  feet  thick  in  most  places  and  grades 


upward  through  100  feet  or  more  of  limy 
shales  and  thin-bedded  limestone  to  tho 
Apishapa  shale,  the  upper  formation  of 
the  Niobrara  group.  The  gray  shales  of 
the  Apishapa  constitute  the  hills  went  of 
Timpas  siding  and  they  are  atao  crossed 
by  the  railway  farther  southwest. 
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In  this  region  the  strata  rise  southwestward  at  a  rate  slightly 
greater  than  that  of  the  railway  grade.  This  structure  is  shown  on 
the  cross  section  on  sheet  9,  which  represents  not  only  the  attitude  of 
the  rocks  but  also  the  relative  thickness  of  tha  formations  and  facte 
revealed  by  deep  borings  at  intervals. 

The  old  Santa  Fe  Trail  passed  400  feet  east  of  the  site  of  the  sta- 
tion at  Timpas.    A  short  distance  beyond  this  place  the  Timpas 

limestone  caps  mesas  l  or  buttes  of  considerable  promi- 
Timpas.  nence,  especially  along  the  east  side  of  the  track,  and 

Elevation  4,409  fert.     a  little  farther  southwest  it  extends  southward  in 

'  a  long  line  of  low  westward-facing  cliffs.  Below  these 
cliffs  are  slopes  of  Carlile  shale,  at  the  foot  of  which,  near  Ayer,  is 
a  bench  of  the  Greenhorn  limestone.  Along  this  portion  of  the 
valley  of  Timpas  Creek,  on  both  sides,  are  excellent  exposures  of 
long,  sloping  mesas  capped  by  the  Timpas  limestone.    This  rock, 

though  soft  as  rocks 
go,  is  much  harder 
than  the  shales  and 
remains  where  the 
overlying  shale  is 
washed  away.  The 
limestone  caps  pro- 
ject in  a  cliff  presenting  the  greater  part  of  the  thickness  of  the 
formation.  Most  of  the  mesas  slope  to  the  northeast  because  the 
limestone  dips  in  that  direction. 

From  Symons  to  and  beyond  Bloom  the  ordinary  features  presented 
in  the  Timpas  Creek  valley  are  a  low,  wide  bench  or  shelf  of  Greenhorn 

limestone  at  or  near  the  bottom  and  a  slope  of  about 
200  feet  of  Carlile  shale,  rising  to  a  cliff  at  the  edge  of 
xa^ci^ wimL  the  tabular  surface  of  the  mesa  of  Timpas  limestone. 

'  (See  PL  V,  A,  p.  29,  and  fig.  6.) 
The  areas  of  Timpas  and  Greenhorn  limestones  carry  a  small  growth 
of  " cedars"  (Juniperus  ocddentalis) ,  termed  sabina  by  the  people  of 
the  country.  The  cane  cactus  (Opuntia  arhorescens)  becomes  con- 
spicuous in  this  vicinity  and  is  abundant  to  the  south  and  west  through 
Colorado  and  New  Mexico,  together  with  flat-leaved  cactuses  of 
various  species.     (See  footnote  on  pp.  155-156.) 

The  Dakota  sandstone  is  exposed  a  short  distance  west  of  the  rail- 
way at  milepost  590,  being  brought  up  by  a  low  dome,  as  shown  in  the 
cross  section  on  sheet  9.  The  outcrop  of  this  sandstone  extends  to 
Delhi  and  beyond,  with  the  adjoining  higher  slopes  of  shales  and 
limestone  in  a  relation  closely  similar  to  those  shown  in  figure  7. 


Figure  6.— Section  across  Timpas  Creek  valley  near  Bloom,  Colo., 
looking  southwest,  a,  Timpas  limestone;  6,  Carlile  shale;  c, 
Greenhorn  limestone;  d,  Oraneros  shale. 


Bloom. 


1  Mesa  (majr'sa),  a  Spanish  word  mean- 
ing table,  is  applied  to  a  flat -topped  but  to 
or  hill,  while  one  that  has  a  sloping  tabu- 


lar surface  is  called  a  ouesta  ( k  ways' ta), 
from  one  of  the  Spanish  words  for  hill. 


NISH  PEAK,  COLO.,   FROM  Tt 
ound.     Flti-tying  Tortinry  rockf  'r 


if.     DIKE  OF  IGNEOUS  ROCK  FORMING  NARROW  WALL,  SPANISH  PEAKS,  COLO. 


a 
b 
c 
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At  Delhi  the  railway  crosses  the  Santa  Fe  Trail,  the  old  wheel 
tracks  of  which  are  plainly  visible  in  the  slope  rising  to  the  west.     A 

few  rods  west  of  Delhi  a  deep  canyon  cuts  through  the 
Dc,w#  Dakota  sandstone  and  exposes  the  beds  of  the  shales 

K^^Sr^im  and  8andst°nes  °*  tlie  underlying  Purgatoire  forma- 

*  tion  (Lower  Cretaceous).    At  West  siding  the  Dakota 
sandstone  again  appears  in  the  bottom  of  the  valley  west  of  the  rail- 
way, and  from  a  point  a  few  miles  south  of  West  to  and  beyond 
SE  NW     Thatcher    the    rail- 

6  way  runs  along  the 

J,^y^  kt     \  top  of  this  sandstone 

"  '  ■"  ^  d  and  the  lower  edge 

£  of  the  Graneros 
shale  is  a  few  rods 

Fioitrk  7.— Section  across  Timpas  Creek  valley  at  Thatcher,  Colo., look-  .        .*  f  q«  . 

in*  southwest,   a,  Timpas  limestone;  6,  Carlile  shale,  with  sandstone  *°     ttle  ©*St.  J.IUS 

at  top;  c,  Greenhorn  limestone;  d,  Oraneros  shale;  e,  Dakota  sand-  feature  is  due  to    a 
stone; /,  Purgatoire  formation.                                                                     v    ,  ,                    ,  . 

slight  upward  arch- 
ing of  the  beds  that  are  cut  into  by  the  valley.  The  relations  of  the 
formations  in  this  vicinity  are  shown  in  figure  7. 

A  short  distance  east  of  Thatcher  is  a  bench  of  Greenhorn  limestone 
with  scattered  junipers,  and  at  the  top  of  the  mesa  beyond  is  the 

Timpas  limestone  with  numerous  junipers.     The  old 
Thatcher.  Santa  Fe  Trail  extends  southwestward  along  the  west 

Elevation  5,400  feet     slope  of  the  valley  in  this  vicinity,  its  course  being 
K^atflnmn*.  marked   by   a  granite   monument   a   mile   west   of 

Thatcher.     A  few  miles  farther  southwest  the  railway 
again  crosses  the  trail. 

Southwest  of  Thatcher  the  railway  passes  from  the  Dakota  sand- 
stone across  the  Graneros  shale,  the  bench  of  Greenhorn  limestone, 
and  the  slope  of  Carlile  shale,  reaching  the  summit  of  the  plateau  of 
Timpas  limestone  a  short  distance  beyond  Simpson  siding.  (See 
sheet  10,  p.  62.)  The  smooth  surface  of  this  plateau  extends  for  10 
miles  or  more  southwestward  along  the  railway,  rising  gradually. 
From  its  summit  are  visible  far  to  the  west  the  Spanish  Peaks  (PL 
VII,  A)  j  two  symmetrical  cones  rising  in  front  of  the  main  range  of 
the  Rocky  Mountains,  which  are  conspicuous  in  the  background. 
During  much  of  the  year  the  higher  summits  of  all  these  peaks  and 
mountains  show  considerable  snow. 

The  Spanish  Peaks  consist  of  large  masses  of  igneous  rocks  which 
were  intruded  in  molten  condition  into  the  sandstones  and  shales  at 
the  foot  of  the  Rocky  Mountains.  (See  fig.  8,  p.  54.)  The  east  peak 
is  12,708  feet  high  and  the  west  peak  13,623  feet.  They  were 
called  Wahatoya  by  the  Indians  and  Los  Dos  Hermanos  (the  two 
brothers)  by  the  Spanish.     It  Ls  to  be  regretted  that  the  distinctive 
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Indian  name  has  not  been  retained,  especially  as  there  are 
Spanish  Peaks  in  the  West.  A  remarkable  feature  of  this  intra 
the  large  number  of  narrow  dikes  of  the  igneous  rocks,  mostly  b 
ing  from  the  large  masses  through  cracks  in  the  sedimentary 
and  extending  out  in  every  direction  for  many  miles  from  tl 
of  the  peaks.  Owing  to  their  hardness  they  stand  above  the 
as  narrow  walls  in  many  places.  One  of  these  is  shown  in 
VII,  B.  The  sandstones  and  shales  adjoining  the  larger  i, 
masses  are  baked  and  otherwise  altered  by  the  heat  of  the  inl 
and  are  considerably  upturned. 

Half  a  mile  north  of  Tyrone  a  granite  marker  just  oast  of  thi 

indicates  the  location  of  the  old  Santa  Fe  Trail.     Behind  the  ! 

Peaks  rise  the  main  Rocky  Mountains,  hen 

Tyrone.  Sangre  de  Cristo  Range  (sahn'gray  day  cris'to, 

Elevation  5,520  i«t.     jsn  for  blood  of  Christ).     Fishers  Peak,  east 

Kansas  City  S24  miles.    ....  ,   ...      .        '    ,  ,  ,     ' 

dad,  is  also  visible  from  the  plateau  about  Tyrol 
is  almost  straight  ahead  of  the  line  of  railway.     Five  miles 


layers,  some  of  them  of  light  color  and  many  of  them  weathei 
a  light-yellow  tint.  One  of  the  best  exposures  is  in  a  ditch  n< 
the  track,  near  niilepost  620,  where  the  unwoathered  shale 
The  water  of  this  ditch  is  brought  from  Purgatoire  River,  sor 
tance  to  the  southwest,  and  serves  to  irrigate  a  small  area  ab< 
new  village  of  Poso,  which  is  at  mdepost  615. 

Beyond  Earl  the  route  crosses  a  low  ridge  of  Apish apa  sha 
thence  southwestward  descends  into  the  valley  of  Purgatoire 
the  west  side  of  which  is  followed  to  Trinidad 
stream,  which  was  passed  farther  east  at  Las  Aj 
Elevation 1 5*73  feet,     brings  considerable  water  from  the  mountains 

Kansas  City  634  miles.  __.?,,  .    .  ...  ,  .  . 

rrmidad  and  is  especially  subject  to  freshets, 
of  which  cause  great  damage  along  the  lower  part  of  the 
The  greatest  known  flood,  in  1904,  had  a  volume  of  45,000  a* 
feet.  In  1912  nearly  .16,000  acres  of  land  was  irrigated  by 
from  this  stream,  most  of  it  in  the  region  between  Trinidad  an 
Animas. 
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Elmoro. 

Elevation  5,833  feet. 


At  Hoehne  a  broad  area  of  the  Pierre  shale  1  is  entered.  It  extends 
to  the  base  of  the  cliffs  of  Trinidad  sandstone,  10  to  15  miles  west 
Hoehne.  an^   south  of  Hoehne.    A  short  distance   beyond 

Eievmti<m  5,706  feet  niilepost  627  is  a  narrow  dike  of  igneous  rock,  prob- 
Popuiatkm  »3.*  ably  an  extension  of  one  of  those  connected  with  the 
y  642  miles.  in*JPUgion  0f  ^he  igneous  mass  in  the  Spanish  Peaks. 
On  account  of  the  hardness  of  the  rock,  this  dike  makes  a  low  but 
conspicuous  ridge  a  short  distance  west  of  the  railway. 

At  Elmoro  are  extensive  ovens  in  which  the  coal  of  the  Trinidad 
field  is  made  into  coke,1  for  use  in  blast  furnaces  and  smelters.     Many 

Mexicans  reside  in  the  vicinity  of  Elmoro  and  Trini- 
dad. Some  of  them  belong  to  the  order  of  "Peni- 
tentes,"  who  from  intense  religious  zeal  suffer  flagel- 

KMswCity Smiles  la^on  an(l  other  forms  of  bodily  punishment,  even  to 

crucifixion.    Many  Mexicans  in  southern  and  central 

New  Mexico  belong  to  this  order. 
Trinidad  is  a  railway  division  point  where  all  trains  stop,  some  of 

them  for  meals  at  the  Hotel  Cardenas  (car'day-nas),  built  in  the 

mission  style.  The  hotel  is  named  in  honor  of  Garcia 
L6pez  de  Cardenas,  who  accompanied  Coronado's  ex- 
pedition and  was  sent  by  him  to  find  the  great  river 

K^aty1 6Mmii«.  °*  wWch  the  Indians  spoke.     This  was  the  Colorado 

in  the  Grand  Canyon,  and  Cardenas  was  the  first 

white  man  to  see  it. 
Trinidad  owes  much  of  its  importance  to  the  coal  mining  in  the 

surrounding  hills.     It  is  also  a  railway  center,  and  there  are  many 

ranches  in  the  adjoining  region  which  bring  considerable  trade.     It 

is  the  terminus  of  a  branch  of  the  Denver  &  Rio  Grande  Railroad  and 


Trinidad. 

Elevation  5,067  feet. 
Population  10,304. 


1  The  Pierre  shale  is  about  1,200  feet 
thick.  It  consists  of  a  remarkably  uni- 
form succession  of  thin  layers  of  compact 
dark-gray  to  black  clay,  representing  a 
large  part  of  the  later  Cretaceous  succes- 
sion in  a  wide  area  of  the  central  Great 
Plains.  It  was  deposited  while  this  broad 
area  continued  to  be  occupied  by  the  sea, 
the  limy  sediments  of  the  Apishapa  being 
succeeded  by  the  almost  pure  clay  of 
which  the  Pierre  shale  consists.  As  the 
material  was  a  sediment  from  muddy 
waters,  it  was  undoubtedly  deposited 
slowly,  and  therefore  a  long  time  was  re- 
quired for  the  accumulation  of  so  thick  a 
body  of  it.  Its  marine  origin  is  indicated 
by  numerous  remains  of  shells  of  many 
kinds  which  lived  only  in  sea  water.  The 
Pierre  shale  is  not  well  exposed  along  the 
Santa  Fe  route,  for,  owing  to  its  softness, 


it  has  been  washed  down  into  gentle 
slopes,  mostly  covered  with  sod. 

8  Coke  is  the  product  obtained  by  the 
distillation  or  partial  combustion  of  cer- 
tain grades  of  bituminous  coal  in  retorts, 
or  ovens,  at  high  temperatures.  When 
the  process  is  one  of  partial  combustion, 
as  in  ovens,  it  is  accomplished  by  the 
admission  of  a  limited  supply  of  air  into 
the  combustion  chamber,  the  oxygen  thus 
supplied  being  sufficient  for  the  com- 
bustion of  the  volatile  matter  in  the 
coal  only.  In  retorts  the  heat  is  applied 
through  flues  on  the  outside  of  the  retort 
by  the  combustion  of  the  gases  distilled 
from  the  coal.  By  either  process  the  coal 
is  changed  into  the  cellular,  silvery  pro- 
duct known  as  "coke."  In  the  Trinidad 
region  the  former  method  is  the  only  one 
employed. 
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is  on  the  line  of  the  Colorado  &  Southern  Railroad  from  Denver  to 
Texas. 

At  Trinidad  the  plains  give  place  to  the  high,  rugged  foothills  of 
the  Rocky  Mountains.  This  change  is  due  to  the  fact  that  here  the 
Pierre  shale  is  overlain  by  the  Trinidad  sandstone,  which  is  sur- 
mounted by  2,000  feet  of  shales  and  sandstones  that  are  resistant  to 
erosion.  The  shales  and  sandstones  above  the  Trinidad  sandstone 
contain  valuable  deposits  of  coal.  These  coal-bearing  rocks  extend 
along  the  foot  of  the  mountains  for  many  miles  in  southern  Colorado 
and  southward  for  some  distance  in  New  Mexico.  They  are  nearly 
horizontal  in  the  vicinity  of  Trinidad.  The  prominent  mountain 
mass  southeast  of  Trinidad  consists  of  coal  measures  and  overlying 
strata  capped  by  a  thick  sheet  of  black  lava  (basalt),  constituting 
an  extensive  plateau  with  nearly  flat  top,  known  as  Raton  Mesa. 
One  spur  of  this  mesa  projecting  northward  for  some  distance  is 
named  Fishers  Peak  after  a  German  artillery  officer  who  commanded 
a  battery  in  the  Army  of  the  West  that  camped  at  its  foot  in  1846. 
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Figure  9.— Section  through  Trinidad,  Colo.,  showing  relations  of  rocks,  looking  southwest,    o,  Yermejo 

formation  with  coal  bed;  b,  Trinidad  sandstone. 

Its  altitude  is  9,586  feet,  or  more  than  3,600  feet  higher  than  Trinidad, 
so  that  it  is  a  conspicuous  object  for  many  miles  north  and  east.  It 
is  shown  in  Plate  VIII.  The  mesa  or  plateau,  which  extends  south 
from  this  peak,  has  a  relatively  level  top  about  20  square  miles  in 
area  and  is  the  remnant  of  a  widespread  lava  flow  that  was  poured 
out  over  the  surface  prior  to  the  excavation  of  the  valleys  that  are 
now  so  far  below  the  mesa  level.  A  portion  of  the  same  mesa, 
extending  far  to  the  southeastward  at  nearly  the  same  altitude  (8,511 
feet),  is  known  as  Bartlett  Mesa.  A  section  from  Trinidad  south- 
eastward to  Fishers  Peak  and  through  Raton  Meaa  is  given  in  figure  9. 
It  is  evident  that  many  years  have  elapsed  since  the  outflow  of  the 
lava  sheet  capping  these  mesas,  because  an  enormous  mass  of  material 
has  been  removed  from  the  surrounding  country,  especially  in  the 
lower  region  to  the  north  and  east.  However,  the  lava  is  geologic- 
ally of  relatively  recent  age,  being  considerably  later  than  the  middle 
of  Tertiary  time. 

In  the  western  part  of  Trinidad  is  a  high  ridge  known  as  Simpsons 
Rest.     Upon   it  stands   an  obelisk  marking   the  grave   of  George 
impson,  a  noted  mountaineer  anil  trapper. 
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There  are  numerous  coal  mines  in  all  the  high  hills  adjoining 
Trinidad.  The  principal  centers  are  at  Gray  Creek  and  Erigleville, 
to  the  east;  Starkville,  Sopris,  Cokedale,  and  Primero,  to  the  south- 
west; and  Berwin,  Hastings,  Delagua,  and  other  camps,  to  the  north. 
The  coal  field  occupies  a  long,  narrow  basin  of  about  2,000  square 
miles  along  the  foot  of  the  Rocky  Mountains.  Thi3  region  contains 
the  largest  and  best  deposits  of  bituminous  coal  west  of  Missouri 
River.1 

The  most  extensive  coal  bed  lies  just  above  the  Trinidad  sand- 
stone, which  crops  out  prominently  in  the  bluffs  about  Trinidad. 
This  coal  averages  6  feet  in  thickness  but  varies  from  place  to  place. 
In  some  localities  there  are  several  other  beds  within  a  short  vertical 
distance.  Most  of  the  coal  is  of  high  rank  and  cokes  satisfactorily. 
The  coke  is  shipped  to  the  smelters  at  Pueblo  and  to  other  places. 
Here  and  there  in  this  coal  field  igneous  rocks  have  been  injected 
between  the  beds,  and  where  coal  is  near  by  it  has  been  altered  to 
i l natural  coke."  The  yearly  output  from  the  general  Trinidad  region 
is  given  at  about  6,000,000  tons  of  coal  and  1,000,000  tons  of  coke. 
Numerous  coal  beds  also  occur  at  intervals  in  the  rocks  above  the 
Trinidad  sandstone,  but  they  appear  to  be  less  widespread  than  the 
lower  coal  beds.  The  coal  in  this  field  was  discovered  in  1851  by  the 
exploring  expedition  under  Stephen  H.  Long,  but  it  was  not  devel- 
oped extensively  until  the  Santa  Fe  Railway  was  built  through  and 
coal  was  required  for  use  in  the  locomotives.  This  region  was  the 
scene  of  the  long  strike  of  coal  miners  in  1914,  when  serious  conflicts 
occurred  between  the  strikers  and  the  State  troops  and  strike  breakers. 

At  Trinidad  two  extra  locomotives,  a  helper  and  a  pusher,  are 
attached  to  the  heavier  trains  to  haul  them  up  the  steep  grade  to  the 

Raton  Pass,  10  miles  south  of  Trinidad.  The  rise  is 
Jansen.  1,636  feet  and  the  maximum  grade  3  k  per  cent.     The 

Elevation  6,058  feet,     valley  of  the  Purgatoire  is  followed  for  the  first  2 
KaSsMCi? 3Sf miles  m^e8  to  Jansen,  where  the  line  turns  up  the  valloy  of 

North  Raton  Creek  to  begin  the  mountain  climb.  To 
the  east,  south,  and  west  are  cliffs  or  steep  slopes  (seo  P).  IX)  and  a 
few  miles  to  the  southeast  is  Fishers  Peak.  In  the  valley  occur  scat- 
tered outcrops  of  the  black  upper  shales  of  the  Pierre  formation,  sur- 
mounted by  cliffs  of  the  massive  gray  Trinidad  sandstone,  about  100 
feet  thick,  which  underlies  the  coal  measures.     About  1J  miles  west 


1  The  coal-bearing  rocks  occur  in  two 
formation*.  The  lower  one,  known  as  the 
Vermejo  formation,  is  generally  from  200 
to  400  feet  thick,  and  the  upper  one,  the 
Raton  formation,  is  nearly  2,000  feet 
thick.  Both  formations  contain  large 
numbers  of  the  remains  of  plants,  those 


of  the  Vermejo  being  of  Cretaceous  age 
and  those  of  the  Raton  of  Tertiary  age. 
There  was  an  interval  of  time  between 
the  deposition  of  the  Vermejo  and  that  of 
the  Raton,  with  slight  uplift  and  consid- 
erable erosion,  during  which  the  lower  coal 
was  removed  over  a  considerable  area. 
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Starkville. 


of  Jansen  this  sandstone  crosses  the  valley,  causing  a  cascade  in  the 

creek  just  east  of  the  railway.     A  mile  farther  along  the  sandstone  is 

quarried  on  the  east  side  of  the  track. 
There  are  coal  mines  at  intervals  in  the  slopes,  especially  to  the 

•south,  in  the  vicinity  of  Starkville,  where  there  are  several  large 

mines    and    numerous    coke    ovens.     The    principal 
mine  here  is  one  of  the  largest  and  oldest  in  the  field. 

Elevation  6,333  feet.     i^e  main  opening  is  in  a  gulch  east  of  the  railway  and 
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the  mine  entries  extend  eastward  under  the  slopes  of 
Fishers  Peak,  emerging  at  EngleviUe,  on  the  north  side  of  the 
mountain,  3£  miles  to  the  northeast.  The  coal  has  been  removed 
from  a  large  area  beneath  the  mountain.  The  coke  ovens  on  the 
east  (left)  side  of  the  railway  present  a  brilliant  spectacle  at  night, 
for  usually  30  or  40  of  them  are  in  operation.  At  a  point  a  mile 
beyond  Starkville  there  is  a  specially  good  view  of  Fishers  Peak, 
the  summit  of  which  is  about  3  miles  east  of  the  railway.  Half  a 
mile  farther  south  the  northern  boundary  of  the  Maxwell  land  grant, 
originally  the  Beaubien  and  Miranda  grant,1  is  passed.  This  boundary 
line  is  marked  by  a  sign  east  of  the  railway. 

As  the  train  climbs  the  slope  toward  Raton  Pass,  the  landscape 
changes  greatly,  for  the  high  slopes  present  sandstone  cliffs  and 
clumps  of  pines  grow  along  many  of  the  ledges.  Some  of  the  cliffs 
are  more  than  100  feet  high,  notably  in  the  vicinity  of  Gallinas  siding. 

At  Morley  a  slight  upward  arching  of  the  beds  brings  the  top  of  the 
Trinidad  sandstone  and  also  the  Pierre  shale  to  view  in  the  bottom 

of  the  valley,  and  the  coal  bed  in  the  overlying 
Morley.  Vermejo  formation  appears  at  the  surface.     There  is 

Elevation  6,748 feet,     one  large  mine  just  east  of  the  railway.     The  coal  bed 

kXS£ taty8664*mfles.  croPs  out  a  short  distan£e  beyond,  on  the  west  side  of 

the  tracks,  and  also  in  the  south  portal  of  the  tunnel 
just  beyond  Wootton  siding.  Other  higher  beds  crop  out  at  intervals 
in  the  next  2  miles. 


1  This  grant  was  one  of  the  many  large 
concessions  made  by  the  Spanish  Govern- 
ment to  some  of  the  early  settlers  in  what 
are  now  New  Mexico  and  southern  Colo- 
rado. In  the  treaty  with  Mexico  it  was 
provided  that  the  United  States  should 
recognize  these  grants,  but  as  the  bound- 
aries were  loosely  defined  and  in  some 
grants  were  misrepresented  by  claimants, 
there  have  been  many  contests  over  them. 
The  question  of  the  validity  of  this  grant 
was  in  the  courts  for  many  years,  but 
title  was  finally  established.  It  includes 
about  1,750,000  acres,   lying    mostly  in 


New  Mexico,  and  it  extends  for  62  miles 
along  the  Santa  Fe  Railway.  The  grant 
came  to  Maxwell  through  his  wife,  the 
daughter  of  Beaubien,  one  of  the  origi- 
nal holders.  Maxwell  was  a  famous  figure 
in  the  annals  of  the  Southwest.  For  a 
while  he  was  a  trapper,  but  later  as  a 
scout  with  Fremont  and  others  he  was 
the  hero  of  daring  episodes.  He  will 
perhaps  be  remembered  longest  as  the 
host  of  "Maxwell's  ranch,"  at  Cimarron, 
where  he  lived  in  considerable  luxury 
and  entertained  many  of  the  passers-by 
on  the  Santa  Fe  Trail. 
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Tho  rocks  a  few  hundred  feet  north  of  Wootton  have  yielded  large 
numbers  of  fossil  plants  including  remains  of  magnolias  and  palms. 
These  indicate  that  when  the  formation  was  laid  down  tho  land  sur- 
faces which  existed  from  time  to  time  were  covered  by  a  semitropical 
vegetation  very  different  from  the  pines,  junipers,  oaks,  and  other 
northern  species  which  grow  on  the  hillsides  of  this  region  to-day. 

At  Wootton  was  the  home  of  "Uncle  Dick"  Wootton,  one  of  the 
famous  scouts  of  the  early  days  when  emigrants  were  passing  through 

the  country  and  Indians  were  a  source  of  great  danger. 
Wootton,  Colo.  rpke  Raton  Mountains  were  also  a  favorite  hold-up 
Elevation  7,495  feet.     piace  for  highwaymen.     Wootton  was  an  associate 
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of  Kit  Carson,  and  guided  some  of  the  military 
exploring  parties.  The  portion  of  the  wagon  road  passing  over  the 
Raton  Pas3  was  constructed  by  Wootton  under  charter  from  the 
legislatures  of  Colorad9  and  New  Mexico,  and  for  many  years  he 
collected  toll  from  those  who  traveled  over  it.  Originally  there 
was  only  a  mountain  trail  through  the  pass,  and  considerable  labor 
and  expense  were  required  to  fit  it  for  the  passage  of  heavy  wagons. 
In  the  ascent  on  the  north  side  of  the  pass  it  crossed  Raton  Creek  53 
times.  In  1846,  when  Gen.  Kearney  and  the  Army  of  the  West 
crossed  these  mountains  on  the  way  to  take  Santa  Fe,  it  was  neces- 
sary to  draw  the  wagons  up  and  let  them  down  by  ropes.  The 
soldiers  at  this  time  were  oU  half  and  third  rations.  The  remains 
of  Wootton's  substantial  adobe  house,  built  somewhat  like  a  south- 
ern plantation  home,  are  visible  on  the  wagon  road  west  of  the  track. 
A  short  distance  beyond  Wootton  the  train  crosses  the  State  line 
between  Colorado  and  New  Mexico.  It  was  the  intention  that  this 
line  should  follow  tho  thirty-seventh  parallel  of  latitudo,  but  late 
surveys  have  shown  that  the  line  located  on  the  ground  was  somewhat 
south  of  that  parallel. 

New  Mexico  is  one  of  our  newest  States,  having  been  admitted  to 
the  Union  January  6,  1912.     It  is  less  developed  along  industrial  lines 

than  its  neighbors  to  tho  east  and  north.  The  main 
New  Mexico.        line  of  the  Santa  Fe  Railway  runs  through  it  for  430 

miles.  The  area  of  the  State  is  122,634  square  miles, 
or  slightly  more  than  that  of  Colorado.  It  includes  tho  south  end  of 
the  Rocky  Mountains  and  many  outlying  ranges  of  that  system, 
together  with  wide  plateau  areas,  in  large  part  higher  than  5,000  feet 
above  sea  level.  Part  of  it  was  included  in  the  Republic  of  Texas 
and  part  in  Mexico.  It  was  organized  as  a  separate  Territory  of  the 
United  States  in  1850,  and  its  area  was  reduced  to  its  present  limits 
in  1863.  In  1910  its  population  was  327,301,  and  the  density  of 
population  was  2.7  to  the  square  mile,  having  more  than  doubled 
since  1890.    More  than  half  the  population  are  Mexicans,  a  people 
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consisting  partly  of  descendants  of  Mexican  settlers  of  lonp  ago  and 
partly  of  descendants  of  local  Indians  with  whom  the  Mex  cans  and 
others  have  intermarried.  Spanish  is  the  language  of  a  large  pro- 
portion of  the  population,  and  in  many  sections  it  greatly  prepon- 
derates over  English.  A  large  number  of  Indians  live  in  the  several 
reservations  in  the  State. 

Of  the  78,485,760  acres  of  New  Mexico,  nearly  half  is  public  land, 
14,000,000  acr.es  State  land,  12,000,000  acres  in  ranches,  12,000,000 
acres  in  private  grants  and  Indian  reservations,  and  9,000,000  acres  in 
national  forests.  Somewhat  less  than  2,000,000  acres  is  cultivated, 
and  less  than  600,000  acres  is  irrigated.  Of  the  irrigated  area 
200,000  acres  belongs  to  individuals  or  partnerships,  50,000  acres  to 
commercial  organizations,  300,000  acres  to  cooperative  or  commu- 
nity organizations,  and  30,000  acres  to  Indians.  The  remainder  is 
irrigated  under  Government  reclamation,  and  the  area  so  served  will 
be  considerably  increased  when  the  lands  below  the  Elephant  Butte 
Dam  are  utilized. 

Probably  the  principal  mineral  resource  of  New  Mexico  is  coal, 
which  occurs  in  the  large  fields  west  of  Raton,  near  Cerrillos,  about 
Gallup,  and  in  severed  minor  areas.  There  are  also  mines  of  gold, 
copper,  silver,  lead,  zinc,  and  a  great  variety  of  other  minerals,  clays, 
and  building  stones.  The  State  contains  also  abundant  supplies  of 
underground  water. 

New  Mexico  contains  many  ruins  of  settlements  of  aborigines,  some 
of  them  of  great  antiquity.  There  were  large  villages  at  many  places 
long  before  the  coming  of  the  Spaniards,  and  irrigation  was  exten- 
sively practiced. 

Just  beyond  the  State  line  the  train  enters  a  tunnel  half  a  mile 
long  which  extends  under  Raton  Pass,  at  an  altitude  of  7,608  feet. 
For  30  years  there  was  only  one  tunnel  at  this  place,  but  a  few  years 
ago  a  second  one  was  built.  This  pass  is  on  the  divide  between  the 
drainage  basins  of  Arkansas  River  on  the  north  and  Canadian  River 
on  the  south.  The  old  Santa  Fe  Trail  passed  up  the  same  canyon  as 
the  one  followed  by  the  railway  and  crossed  through  Raton  Pass  on 
the  way  south. 

The  mountain  which  is  crossed  at  Raton  Pass  is  not  part  of  the 
main  range  of  the  Rocky  Mountains,  but  is  a  lateral  spur  which 
extends  eastward  for  30  miles.  Its  height  is  duo  largely  to  the  thick 
cap  of  lava  which  covers  the  high  mesas  east  of  the  railway.  This 
rock  is  so  hard  that  it  has  resisted  erosion  and  so  maintained  the  high 
ridge.  Doubtless  the  lava-covered  mesa  was  originally  much  more 
extensive  than  it  is  at  present,  for  the  removal  of  the  undertying 
sandstone  and  shales  undermines  the  lava  sheet,  large  blocks  of 
which  occasionally  fall  from  the  cliffs  to  the  talus  slopes  below.  The 
high  mesa  disappears  about  35  miles  cast  of  Raton  Pass,  and  the 
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question  is  often  asked,  "Why  doesn't  the  railway  build  around  this 
high  summit  rather  than  go  over  it?"  The  principal  reason  is  that 
the  line  was  built  to  Trinidad  to  get  the  local  coal,  which  does  not 
extend  far  east  of  that  place,  and  from  Trinidad  there  is  no  feasible 
course  other  than  that  across  the  mountain.  Another  line  is  being 
built  farther  south,  leaving  the  main  line  at  Dodge,  Kans.,  and  180 
miles  farther  south  is  the  Belen  cut-off. 

As  the  train  emerges  from  the  south  portal  of  the  Raton  tunnel  an 
extensive  vista  is  presented.  To  the  east  stands  the  lava-capped 
Bartlett  Mesa,  and  farther  south  are  rolling  plains  lying  far  below  the 
point  of  view  and  extending  to  the  horizon.  Toward  the  west  is  a 
mesa  made  up  of  the  coal-bearing  rocks,  behind  which  rise  the  high 
peaks  of  the  Culebra  (coo-lay'bra)  Range,  a  portion  of  the  Rocky 
Mountains,  with  many  lofty  summits  on  which  snow  remains  the 
greater  part  of  the  year.  In  the  downgrade  south  to  Raton  the 
train  passes  rapidly  across  the  coal-bearing  rocks,  then  through  a 
short  gorge  in  the  Trinidad  sandstone,  and  finally  out  into  the  plain 
of  Pierre  shale  on  which  the  town  of  Raton  is  located.  Good  views 
of  the  lava-capped  Bartlett  Mesa  to  the  east  are  presented  at  mile- 
posts  654  and  655,  the  latter  showing  the  great  blocks  of  lava  lying 
in  sT talus  at  the  foot  of  the  cliffs.  Near  milepost  654  there  is  an  out- 
crop of  coal  on  the  east  side  of  the  track. 

A  short  distance  beyond  milepost  658  the  Pierre  shale  appears  under 
a  prominent  cliff  of  the  heavy  Trinidad  sandstone  extending  far  to 
the  east  as  well  as  to  the  southwest.  Near  milepost  659  there  are 
extensive  exposures  of  the  Pierre  shale  west  of  the  track,  a  fine  view 
of  Bartlett  Mesa  to  the  northeast,  and  a  more  distant  view  of  the 
extensive  Johnson  Mesa,  capped  by  lava,  to  the  east. 

Raton,  the  county  seat  of  Colfax  County,  N.  Mex.,  is  the  center  of 
the  mining  industry  of  the  coal  field  on  the  south  side  of  the  Raton 

Mountains,  although  no  large  mines  are  located  in 
Raton,  N.  Mex.  the  immediate  vicinity.  There  are  several  other 
Elevation  6,622  feet,  industries  in  the  region,  especially  stock  raising  and 
unoc^en miiM.  ^e  production  of  wool.     In  the  southern  edge  of  the 

town  brick  and  other  clay  products  are  manufactured 
from  the  Pierre  shale.  The  Santa  Fe  Trail  passed  through  Raton, 
then  known  as  Willow  Springs.  The  name  Raton  (Spanish  pronun- 
ciation rah-tone',  locally  pronounced  rat-toon')  is  Spanish  for  mouse. 
Goat  Hill,  which  rises  precipitously  in  the  western  edge  of  Raton, 
consists  of  Trinidad  sandstone.  About  6  miles  due  east  is  Johnson 
Mesa,  a  lava-capped  table-land  that  rises  to  an  altitude  of  about  8,000 
feet  and  is  similar  to  the  Raton  Mesa  in  structure.  It  is  occupied  by 
many  ranches,  for,  owing  to  the  high  altitude,  there  is  more  rain  and 
snow  on  this  mesa  than  in  the  adjoining  lowlands,  and  good  crops  are 
usually  obtained. 

97&79°— Bull.  613— 15 5 
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Dillon. 


Branch  railways  connect  Raton  with  Yankee  and  Sug 
mining  towns  to  the  east,  where  coal  is  mined  from  beds  lyi 
distance  above  the  top  of  the  Trinidad  sandstone.    The  min 
fax  County  produce  about  three-fourths  of  the  coal  outpu 
Mexico,  which  amounts  to  more  than  3,700,000  tons  a  ye 
at  nearly  $5,000,000.     The  St.  Louis,  Rocky  Mountain  &  Pad 
way,  a  part  of  the  Santa  Fe  system,  has  a  branch  running 
from  Clifton  House,  a  few  miles  to  the  south,  parallel  to'the 
mainline. 

From  Dillon  (see  sheet  11,  p.  66),  3  miles  from  Raton,  a 
road  extends  up  Dillon  Canyon,  in  the  mesa  west  of  Raton, 

mines  at  Blossburg  and  Brilliant.     These  mi 
developed  mainly  to  supply  fuel  for  the  rail 

x^city  otsSbm.  *or  many  years  y^1^  the  greater  part  of 

produced  in  the  Raton  field.     Coke  ovens 

diner,  3  miles  southwest  of  Raton,  still  produce  a  large  am 
coke,  used  in  smelters  in  the  Southwest.     From  Raton  south 
many  miles  the  mesa  of  Trinidad  sandstone  and  overlyi 
bearing  rocks  is  a  prominent  feature  of  the  view. 

Southwest  of  Otero  (o-tay'ro),  a  siding  5  miles  beyond  Ra 
face  of  the  mesa  west  of  the  railway  is  very  precipitous,  beca 

formed  of  thick  sheets  of  bard,  igneous  rock  (b 
which  were  intruded  into  the  coal-bearing 
Elevation  e.sTMeetj     a  moiten  condition.     The  heat  of  these  in 
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has  changed  the  coal  into  graphite  in  many 
in  an  area  of  several  square  miles.     These  highlands  culmin 
Red  River  Peak,  a  prominent  pinnacle  3  miles  southwest  of 
which  in  the  early  days  of  exploration  served  as  an  easily  reco 
landmark  for  the  "prairie  schooners"  traveling  the  Santa  Fe 
This  trail,  after  passing  through  Raton  Pass,  came  down  the 
short  distance  north  of  Red  River  Peak,  passed  south  near  its 
and  went  thence  southwestward  to  Cimarron.     The  peak  ow 
prominence  to  the  presence  of  a  chimney-like  mass  of  hard  in 
rock  forced  into  the  shale  in  a  state  of  fusion.     Beyond  Otero 
route  Crosses  the  St.  Louis,  Rocky  Mountain  &  Pacific  Railwa; 
line  94  miles  long  that  lies  wholly  in  New  Mexico. 

A  mile  southeast  of  Hebron  is  a  large  storage  reservoir  cove: 
7,000  acres,  to  supply  water  to  an  extensive  irrigated  area  al 

Maxwell.    East  of   Hebron  and   Dorsey   there 

great  masses  of  volcanic  rocks  constituting 
Kw^cif^mfles  sPrea(*  platforms  of  moderate  height,  surmounted 

places  by  high  ridges  and  peaks,  some  of  which 
originally  active  volcanoes.  One  of  the  most  conspicuous  of  th 
cones  is  Eagletail  Peak,  due  east  of  Dorsey.  Laughlin  and  Tin 
peaks  are  other  prominent  summits  further  east.     The  sheet  cf  d 
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lava  lies  on  the  soft  Pierre  shale,  and  at  some  places  its  margin 
presents  a  cliff  showing  more  or  less  columnar  structure.  This  cliff 
exists  because  in  most  places  the  original  thin  margin  of  the  lava  flow 
has  been  removed  by  erosion  and  the  thick  mass  of  lava,  with  its 
characteristic  columnar  structure  is  exposed. 

In  the  region  extending  from  Raton  Mesa  to  these  volcanic  peaks 
there  has  been  prolonged  volcanic  activity  in  several  separate  epochs. 
The  caps  on  the  high  mesas  are  remnants  of  the  earliest  flows,  poured 
out  before  the  surrounding  lowlands  had  been  excavated.  After 
these  outflows  ceased  erosion  progressed,  developing  valleys  and  cut- 
ting away  a  portion  of  the  earlier  lava  sheets.  Then  followed  erup- 
tions of  lava,  mostly  from  new  vents,  which  spread  out  over  the  lower 
lands.  This  was  repeated  at  least  three  times,  and  between  succes- 
sive outflows  the  valleys  were  considerably  deepened.  The  last  erup- 
tions were  very  recent,  for  they  closed  with  the  building  of  cinder 
cones  that  are  still  steep-sided  and  have  central  craters  apparently  as 
fresh  as  if  they  had  just  cooled  off.  Eagletail  and  other  smaller  cones 
are  visible  from  the  railway;  others  can  not  be  seen,  but  the  largest, 
Mount  Capulin,  is  only  20  miles  east  of  Hebron. 

From  Hebron  to  and  beyond  Dorsey  the  line  of  cliffs  to  the  west 

continues  to  be  a  conspicuous  feature.  As  explained 
orsey.  above,  these  cliffs  mark  the  outcrop  of  the  Trinidad 

Eievaticm  5^ieet  san(Jstone  at  the  base  of  the  coal-bearing  rocks.  They 
-"  y  ~  gradually  trend  away  toward  the  southwest,  how- 
ever, and  near  Maxwell  are  15  miles  from  the  Santa  Fe  line. 

Several  railways  that  lead  to  the  coal  fields  beyond  the  cliffs  on  the 
west  cross  the  Santa  Fe  line  south  of  Raton.     One  from  Dillon  to 

Blossburg  and  another  south  of  Otero  have  been  men- 
Maxwell,  tioned;  a  third  goes  from  Hebron  to  Van  Houten,  and 
Elevation  6,063  feet,  the  fourth  is  a  branch  of  the  El  Paso  &  Southwestern 
Kmsascn^m  miles,  system,  which  crosses  at  French,  affording  an  outlet 

from  the  extensive  mines  and  coke  ovens  at  Dawson. 
In  the  Stag  Canyon  mine  at  Dawson,  on  October  22,  1913,  occurred 
one  of  the  most  disastrous  coal-mine  explosions  ever  known  in  the 
West,  causing  the  death  of  263  men.  This  happened  in  a  completely 
equipped  mine,  in  which  all  precautions  had  been  taken  by  the  man- 
agement, but  disregard  of  regulations  by  the  miners  caused  coal  dust 
to  become  ignited,  and  an  extensive  explosion  followed. 

The  valley  followed  by  the  railway  from  Dillon  to  French  is  that 
of  Canadian  River,  which  rises  in  the  hills  west  of  Raton  and  flows  into 

Red  River  in  southern  Oklahoma.  This  stream  was 
French.  originally  called  Red  River,  on  the  supposition  that 

Elevation  5,784  feet,  it  was  the  head  of  the  Red  River  of  Louisiana  and 
Kansas  city  706  mflea.  ^^^  a  mistake  finally  rectified  through  explora- 
tions by  Capt.  Marcy,  who  discovered  that  the  headwaters  of  the 
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much  shorter  but  so-called  main  branch  of  Red  River  are  far  to  the 
southeast,  in  northwestern  Texas. 

The  Canadian  River  valley  is  broad  from  Otero  southward  because 
it  is  excavated  in  the  soft  Pierre  shale,  which  crops  out  in  a  wide  zone 
across  this  portion  of  northern  New  Mexico.  This  shale  is  exposed 
here  and  there  in  shallow  cuts  along  the  railway.  South  of  French  the 
Timpas  limestone  is  crossed,  but  its  outcrop  is  hardly  noticeable  from 
the  trains.  From  this  point  southward  are  shales  which  probably 
represent  the  upper  formation  (Apishapa  shale)  of  the  Niobrara  group. 

The  town  of  Springer  is  built  on  the  north  bank  of  Cimarron  Creek, 
a  running  stream  of  moderate  size,  which  rises  in  the  Rocky  Moun- 
tains 35  miles  west.  This  creek  is  an  entirely  different 
Springer.  stream  from  Cimarron  River,  which  rises  a  few  miles 

Elevation  5,768  feet.  east  of  Raton  and  flows  through  Oklahoma.  Cimar- 
Kansas  city  715  miles.  ron  Creek  passes  through  the  village  of  Cimarron,  on 

the  Santa  Fe  Trail  20  miles  northeast  of  Springer,  and 
empties  into  Canadian  River  a  few  miles  east  of  Springer. 

A  short  distance  below  the  juncture  of  Cimarron  Creek  and  Cana- 
dian River  is  the  beginning  of  the  long,  deep  canyon  which  the 
Canadian  cuts  into  the  Dakota  sandstone  and  underlying  red  beds. 
The  water  of  the  Cimarron,  which  has  an  average  volume  of  14  to  25 
second-feet,  is  used  for  the  irrigation  of  30,000  acres  in  the  wide 
plains  from  Springer  west  to  Cimarron  Village.  Formerly  this  region 
was  entirely  devoted  to  the  cattle  industry;  now  it  is  producing  large 
crops  of  alfalfa,  wheat,  beans,  potatoes,  corn,  oats,  barley,  and  peas. 
Its  fruit  season  begins  in  July  with  cherries,  continues  with  apricots, 
plums,  peaches,  and  pears,  and  ends  in  October  with  apples. 

A  short  distance  south  of  Springer  there  are  extensive  exposures  of 
the  Timpas  limestone  in  stream  and  railway  cuts.  Some  years  ago  an 
attempt  was  made  to  utilize  this  rock  for  the  manufacture  of  cement, 
but  the  project  was  not  successful,  and  the  old  kilns  are  all  that 
remain  of  the  enterprise.  The  limestone  is  in  beds  mostly  from  6  to 
20  inches  thick,  alternating  with  thin  layers  of  black  shale.  The 
rocks  contain  marine  shells  that  are  distinctive  of  the  deposits  of  that 
period  in  this  part  of  the  intracontinental  seas.1 

To  the  south  and  west  of  this  place  are  extensive  exposures  of  over- 
lying shales  supposed  to  represent  the  Apishapa  shale.  They  give 
rise  to  low  but  conspicuous  buttes  to  the  west  and  finally^  grade  up 
into  well-defined  Pierre  shale.  , 


1  In  this  region  the  Timpas  limestone  is 
underlain  by  250  feet  of  unmistakable 
Carlile  shale,  extending  to  the  top  of  char- 
acteristic Greenhorn  limestone,  which  is 
extensively   exposed   in   the   banks   of 


Cimarron  Creek  a  few  miles  east  of 
Springer.  There  are  cuts  in  Timpas  lime- 
stone at  intervals  as  far  south  as  milepost 
704,  where  6  feet  of  beds  are  exposed  in 
layers  ]  2  to  1 8  inches  thick. 


A.     ALLOSAURUS. 


STEGOSAURUS 


.     BRONTOSAURUS. 


SKELETON  Or  DIADECTES. 


THE   SANTA  PE   ROUTE.  65 

At  Rayado  the  front  of  a  high  mesa  is  conspicuous  about  8  miles 
west  of  the  railway.     It  is  capped  by  lava  (basalt)  and  is  an  out- 
lying portion  of  a  widespread  sheet  of  lava  that  caps 
Rayado.  ^  ^roa(j  mesa  or  plateau  to  the  south  and  west. 

SSStaS^1,         South  of  Cob*1™  the  ^e  gradually  approaches  the 
Kansas  city  721  miles,  east  end  of  this  plateau  and  at  Wagon  Mound  passes 

through  a  gap  in  it.  The  mesas  in  this  vicinity  are 
Colmor.  not  as  high  as  those  at  Raton  Pass,  but  as  they  rise 

Elevation  6,924  feet     several  hundred  feet  above  the  adjoining  plains  they 

Population  224  *  J  5 _r  J 

Kansas  city  725  miles.  **e  prominent  topographic   features.     Near  Wagon 

Mound  the  lava  is  at  two  levels,  representing  two 
stages  of  outflow,  but  that  at  the  lower  level  is  of  small  extent. 
The  lava  covering  the  higher  mesas  came  from  vents  to  the  west, 
probably  in  large  part  from  the  Ocate  (o-cah'tay)  volcanic  cone,  the 
location  of  which  is  shown  on  sheet  11  (p.  66). 

Wagon  Mound  is  one  of  the  old  settlements  on  the  Cimarron  branch 
of  the  Santa  Fe  Trail,  which  came  southwestward  from  a  point  near 

Dodge,  Kans.  Two  monuments  a  few  rods  east  of  the 
Wagon  Mound,  railway  station  show  the  line  of  the  old  highway. 
Elevation  6,177  feet.  This  branch  of  the  trail  crossed  the  line  of  the  railway 
Kansas  city  '741  miles.  a  short  distance  south  of  the  station  and  passed 

southwestward  to  Fort  Union,  where  it  joined  the 
other  branch,  which  came  through  Raton  and  Cimarron  and  over  the 
volcanic  mesa  west  of  Colmor  and  Wagon  Mound.  For  a  long  time 
there  was  a  Mexican  customhouse  at  this  place.  Its  name  is  derived 
from  the  resemblance  of  one  of  the  peaks  near  by  to  a  wagon  top, 
when  seen  from  points  far  to  the  northeast. 

The  relations  of  the  two  lava  sheets  are  well  exposed  about  Wagon 
Mound.  The  higher  sheet  reaches  many  miles  west  and  northwest, 
as  well  as  along  the  top  of  the  narrow  ridge  extending  1 1  miles  east 
of  the  village.  This  sheet  is  about  100  feet  thick  and  lies  on  a  plat- 
form of  Pierre  shale  that  was  originally  the  floor  of  the  valley  down 
which  the  lava  flowed.  Subsequent  erosion  has  cut  away  the  adjoin- 
ing lands  to  much  lower  levels  and  considerably  diminished  the  extent 
of  the  lava  sheet  by  undermining  its  edges.  These  edges  now  present 
steep  cliffs,  in  places  exhibiting  columnar  structure  and  having  at 
their  bases  talus  or  piles  of  loose  fragments.  The  softness  of  the 
underlying  shale  greatly  facilitates  the  breaking  down  of  the  edges 
of  the  lava  sheets,  and  in  places  there  are  extensive  landslides 
where  huge  slivers  of  the  hard  lava  have  been  let  down  in  this  way. 

Leaving  Wagon  Mound  the  train  passes  across  a  narrow  tongue  of 
the  lower  lava  flow  and  a  short  distance  farther  south  crosses  a  wide 
valley  from  which  there  are  excellent  views  of  the  high  lava-capped 
mesas  to  the  north.    The  high  ridge  known  as  the  Turkey  Mountains 
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is  a  prominent  feature  west  of  Bond.     (See  sheet  12,  p.  72.)     It  is  I 
to  a  dome-shaped  uplift  of  the  rocks  which  in  the  center  exposed 
extensive  area  of  red  beds  and  underlying  limestones  of  Carbonif 
age.    The  light-gray  foothills  are  the  outcrop  of  the  upturned 
of  the  Dakota  sandstone. 

For  some  distance  south  of  milepost  730  the  Greenhorn  lim 
is  near  the  track,  and  finally,  as  it  is  crossed  by  the  railway,  it  is  expj-^.y 
extensively  in  cuts,  notably  between  mileposts  732  and  734.     A  fl  J;  fi 
distance  beyond  milepost  734  the  route  descends  from  the  flat  ]  /X\ 
of  the  limestone  into  a  broad  area  of  lava  (basalt).     This  lava  {  V   J 
from  the  Maxson  Crater,  an  irregular  volcanic  cone  which  is  visih 
the  southeast  slope  of  the  Turkey  Mountain  uplift,  5  miles  we 
Optimo  (op'tee-mo).     The  lava  flowed  down  slopes  of  Dakota  i    F 
stone,  then  across  the  broad  flat  which  is  now  traversed  by  the  raj 

from  Optimo  nearly  to  £ 
maker,  and  finally  dowi 
canyon  of  Mora  River  n 
to  its  mouth,  20  miles  U 
southeast.  The  flow  is  ^ 
erately  recent  and  exhil 
variety  of  features  chari 
istic  of  the  later  basalt 
Its  surface  is  considei 
blistered,  and  much  of] 
rock  is  vesicular  or  sp< 


^ 


Figure  10.— Section  across  canyon  of  Mora  River  southeast 
of  Optimo,  N.  Mex.,  showing  relations  of  lava  flow,  look- 
ing east.    The  total  depth  of  the  canyon  is  about  700  feet. 
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with  small  cavities  due  to  the  escape  of  steam. 

In  the  broad  valley  south  of  Optimo  the  lava  spread  out  widely! 
in  flowing  down  the  deep  canyon  of  Mora  River  it  was  narrowed! 

few  hundred  yards.     It  filled  this  canyon  about 
Optimo.  way  Up  ^  gides^  but  the  river  has  since  cut  a  ni 

Elevation  o,365  feet     inner  gorge  into  the  lava  sheet  and  in  places  tl 

Kansas  City  751  miles.  °     ?  .  1      . 

the  lava  into  underlying  rocks,  as  shown  m  fi{ 
This  lava-filled  canyon  begins  6  miles  east  of  the  railway,  and  its 
walls  of  sandstone  are  plainly  visible  from  the  vicinity  of  mileposl 
Halfway  between  mileposts  741  and  742  the  southern  margin  o| 
lava  sheet  abuts  against  a  cliff  of  Dakota  sandstone  which  exi 

northwestward.    A  short  distance  beyond  this 
near  Shoemaker,  the  bank  of  Mora  River  is  rei 
Elevation  6,2m  feet      ^  the  railway  follows  this  stream  along  the 

Kansas  City  758  miles.     .  _  _        w  ^° 

side  of  the  deep  canyon  which  it  has  cut  in  the  Di 
sandstone  and  underlying  beds.  The  beds  he  nearly  horizontal 
in  places  the  high  cliffs  of  sandstone  have  at  their  bases  the  greet 
gray  shale  of  the  underlying  Morrison  formation.  On  the  north 
of  the  track  at  milepost  748  the  Dakota  sandstone  is  exte] 
quarried  for  railway  ballast.     Two  miles  beyond  there  is,  on  the 
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bank  of  the  river,  a  bluff  of  Dakota  sandstone,  with  Morrison  shale  * 
at  its  base. 

Watrous  is  the  railway  town  for  extensive  cattle,  sheep,  and  other 
interests.     It  dates  back  to  the  time  of  the  Santa  Fe  Trail,  the 

Cimarron  branch  of  which  passed  through  the  western 
Watrous.  portion  of  the  village.     Eight  miles  north  are  the 

Eievatkm  6,398  feet,     ruins  of  Port  Union,  one  of  the  most  important  mili- 

KMMac^Tw miles.  tal7  stations  on  the  Santa  Fe  Trail,  where  the  two 

principal  branches  of  the  trail  from  the  north  joined. 
The  place  may  be  seen  far  to  the  north  from  points  a  short  distance 
beyond  Watrous.  The  adobe  houses  are  unroofed,  most  of  the  walls 
are  falling  into  ruins,  and  the  grounds  are  overgrown  with  grasses, 
but  the  visitor  may  see  that  the  fort  had  accommodations  for  a  large 
garrison.  This  fort  served  not  only  as  a  refuge  for  the  settler  and  the 
traveler,  but  its  storehouse  and  arsenal  carried  a  large  stock  of  Army 
supplies.  Its  possession  was  the  strategic  object  in  the  Civil  War  in 
the  far  West.  To  its  protection  Union  volunteers  rushed  over  the 
snowy  mountains  from  Denver,  while  Confederate  troops  marched  a 
thousand  miles  from  Texas  to  take  it.  Only  the  defeat  of  the  Texas 
soldiere  at  Glorieta  Pass  prevented  the  Confederates  from  capturing 
the  Army  supplies  and  ammunition  stored  in  Fort  Union. 

In  the  vicinity  of  Watrous  there  are  wide  alluvial  flats  that  have 
long  been  utilized  for  farming,  mainly  by  the  assistance  of  irrigation 
from  Mora  River  and  a  branch  stream,  Sapello  Creek.  The  Mora 
drains  a  portion  of  the  east  slope  of  the  Rocky  Mountains.  Gagings 
by  the  United  States  Geological  Survey  at  La  Cueva  (kway'va),  15 
miles  above  Watrous,  found  that  its  average  flow  was  29  second- 
feet  in  1909  and  20.3  second-feet  in  1910. 

On  the  south  side  of  the  track  three-fourths  of  a  mile  beyond 
Watrous  is  a  large  quarry  for  obtaining  massive  blocks  of  Dakota 
sandstone,  which  are  used  for  making  embankments  along  portions 
of  the  railway  as  a  protection  from  washouts. 

East  of  the  railway  at  milepost  753  is  a  granite  monument  marking 
the  location  of  the  Santa  Fe  Trail  from  Fort  Union  to  Las  Vegas. 
Its  course  was  very  nearly  the  same  as  that  now  followed  by  the 
railway.     A  short  distance  beyond  Kroenigs  siding  the  upgrade  of 


1  During  the  time  of  deposition  of  the 
clayB  constituting  the  Morrison  formation 
there  existed  a  great  variety  of  remarkable 
reptiles  of  huge  size.  Restorations  of 
some  of  them  are  shown  in  Plates  X  and 
XI  (pp.  64, 65),  based  on  bones  exhumed 
from  the  formation  in  southern  Colorado. 
These  bones,  which  are  in  places  abun- 
dant, are  the  remains  of  animals  that  were 
mired  in  the  soft  clay  of  which  the  Mom- 


son  formation  largely  consists.  Some  of 
these  creatures,  such  as  the  Brontosaurus 
(PL  XI,  A),  were  60  feet  long.  Many  of 
them  had  remarkably  small  heads,  no- 
tably the  Stegosaurus  (PI.  X,  2?),  which 
had  such  a  diminutive  brain  that  it  must 
have  been  very  stupid.  This  animal 
was  undoubtedly  very  clumsy  also,  but 
its  huge  size  and  protective  armor  aided 
in  its  preservation. 
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the  railway  carries  it  from  the  Dakota  sandstone  to  the  Graneros 
shale1  and  thence  within  2  miles  to  the  summit  of  an  extensive 
plateau  of  Greenhorn  limestone,  above  which  to  the  west  rise  buttes 
of  Carlile  shale.  This  plateau  is  the  divide  between  the  drainage 
basin  of  Mississippi  River  and  that  of  the  Rio  Grande.  A  fine  vista 
of  the  Rocky  Mountains  is  afforded  toward  the  north  and  west ;  due 
west  is  Solitario  Peak,  a  knob  of  granitic  rocks  rising  to  an  altitude 


SE 
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Figure  11.— Section  6  miles  north  of  Las  Vegas,  N.  Mex.,  looking  southwest,  a,  Carlile  shale;  6,  Tlmpas 
limestone;  c,  Aplshapa  (?)  and  Pierre  shales;  d,  Greenhorn  limestone;  t,  Graneros  shale;  /,  Dakota 
sandstone  and  Pnrgatoire  formation;  g,  Morrison  formation;  ft,  red  beds. 

of  10,200  feet,  and  farther  northwest  are  still  higher  peaks  near  the 

center  of  the  range.    The  Turkey  Mountains  and  Ocate  Crater  are 

conspicuous  toward  the  northeast. 
Onava  is  a  small  settlement  sustained  by  irrigation  with  water 

brought  through  canals  from  streams  and  reservoirs  a  few  miles  to 

the  northwest.     From  Onava  southwestward  the  rail- 
way runs  on  a  gentle  down  grade  to  Las  Vegas,  all 

Kw^^city^mnes.  ^e  way  on  ^.e  surfftce  of  the  Greenhorn  limestone, 

except  where  it  is  covered  by  a  thin  capping  of  the 
Carlile  shale.  The  bed  dips  gently  to  the  west  and  southwest,  so 
that  the  surface  of  the  plateau  is  in  greater  part  a  dip  slope  of  the 


Onava. 


w. 


U.**. 


Figure  12.— Section  through  Las  Vegas,  N.  Mex.,  looking  south,  a,  Carlile  shale;  5,  Greenhorn  lime- 
stone; c,  Graneros  shale;  d,  Dakota  and  Purgatoire  sandstones;  e,  Morrison  shale;  /,  massive  sand- 
stone, capped  by  thin  limestone;  g,  red  shales  and  sandstones;  ft,  sandstone  in  middle  of  red  beds; 
i,  lower  red  beds;  j,  Magdalena  limestone. 

limestone.  This  rock  is  exposed  in  many  railway  cuts,  especially 
near  Las  Vegas,  and  to  the  west  at  varying  distances  is  a  line  of 
buttes  of  the  overlying  Carlile  shale.  The  relations  of  the  rocks  near 
Onava  and  along  a  line  passing  through  Las  Vegas  are  shown  in 
figures  11  and  12. 


1  A  contact  of  these  rocks  is  well  ex- 
posed at  a  point  half  a  mile  west  of  Kroe- 
nigs  siding.  To  the  south  and  west  of 
this  place  is  a  low  ridge  of  the  Green- 


horn limestone,  which  overlies  the  Gra- 
neros shale.  All  the  beds  in  this 
vicinity  lie  nearly  level  or  dip  at  a  low 
angle  to  the  west. 
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Las  Vegas  (vay'gas)  is  a  railway  division  point  where  all  the  trains 
stop,  most  of  them  for  meals  at  the  Castafieda  (cas-tahn-yay'da), 

a  hotel  named  for  the  young  soldier  who  accompanied 
Las  Vegas.  Coronado's  expedition  and  wrote  the  narrative  of  it. 

Eimtioa  6,384  feet.  The  Santa  Fe  Railway  reached  Las  Vegas  in  1879 
cnHO^nft mfles.  but  continued  building  rapidly  to  the  south.  The 
.  portion  of  Las  Vegas  near  the  railway  is  relatively 
modern;  the  "old  town/'  or  original  Mexican  settlement  on  the  Santa 
Pe  Trail,  is  some  distance  west  of  the  station.  The  name  is  Spanish 
for  the  meadows.  On  the  flat  roof  of  a  building  in  Las  Vegas  Gen. 
Kearney  stood  in  1846  to  administer  to  the  Mexican  citizens  the 
oath  of  allegiance  to  the  United  States.  Five  years  before  that 
the  plaza  of  Las  Vegas  was  the  scene  of  a  great  celebration  over  the 
surrender  of  the  various  detachments  of  Texans  who  had  entered 
New  Mexico  to  induce  the  inhabitants  to  join  the  Texas  Republic. 
Gallinas  Creek,  which  flows  through  Las  Vegas,  is  a  small  stream 
draining  a  portion  of  the  east  slope  of  the  Rocky  Mountains.  Gagings 
by  the  United  States  Geological  Survey  have  shown  that  its  aver- 
age flow  is  about  23  second-feet.     The  water  is  utilized  for  irrigation. 

A  branch  railway  goes  northwestward  from  Las  Vegas,  6  miles  to 
the  Montezuma  Hot  Springs  in  a  gap  in  the  foothills  where  there  is  a 
large  hotel  and  sanitarium  that,  in  recent  years,  has  not  been  open. 

Most  of  Las  Vegas  is  built  on  the  Greenhorn  limestone,  and  this 
formation  also  crops  out  extensively  in  the  high  bluff  just  east  of  the 
railway  station,  where  all  its  beds  may  be  seen.  At  the  base,  near 
the  stream,  is  the  underlying  Graneros  shale,  passing  upward  by  a 
few  feet  of  transition  beds  into  the  Greenhorn  limestone.  This  lime- 
stone presents  its  usual  characteristic  features  of  an  alternation  of 
many  thin  beds  of  nearly  pure  limestone  and  dark  shale.  In  some 
of  the  shale  and  in  a  few  beds  of  the  limestone  there  are  abundant 
impressions  of  the  characteristic  fossil  Inoceramus  labiatus,  a  mollusk 
with  oval  shell  somewhat  similar  to  the  oyster.  The  thickness  of  the 
Greenhorn  limestone  in  these  exposures  is  fully  100  feet,  and  the  top 
of  the  formation  constitutes  a  mesa  extending  some  distance  east  to 
low  hills  of  Carlile  shale  which  rise  above  it.1 


1  A  short  distance  north  of  Las  Vegas 
the  Greenhorn  limestone  passes  under  the 
Carlile  shale,  a  formation  which  carries 
numerous  round  concretions  in  its  upper 
portion.  This  is  overlain  by  a  thick  body 
of  shale  representing  the  Niobrara  group 
and  Pierre  shale  and  occupying  a  basin 
which  pitches  to  the  north  and  the  beds 
on  the  western  edge  of  which  are  steeply 
upturned  along  the  foothills.  In  these 
foothills  a  short  distance  west  of  Las  Ve- 


gas, and  especially  in  the  canyon  near  the 
hot  springs,  are  extensive  outcrops  of  the 
succession  of  rocks  underlying  the  Green- 
horn limestone,  comprising  the  Graneros 
shale,  Dakota  and  associated  sandstones, 
Morrison  formation,  "Red  Beds"  of  Tri- 
assic  and  Carboniferous  age,  and  older 
Carboniferous  limestones,  all  standing 
nearly  vertical  on  the  east  side  of  the  great 
mass  of  granites  and  schists  of  the  main 
Rocky  Mountain  uplift. 
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still  lower  limestone  of  the  Magdalena  group,1  of  Pennsylvania  » 
which  is  exposed  in  many  of  the  railway  cuts. 

Just  beyond  Ribera  (ree-bay'ra)  the  railway  crosses  Rio^H  1 
(pay 'cos),  a  large  stream  which  rises  in  the  south  end  of  the 

Mountains,  flows  across  eastern  New  Mexico  afc 
Riben.  western  part  of  Texas,  and  finally  empties  it    V 

Elevation ,6,019 feet     m0  Grande.    This  is  the  first  important  str  -  \ 

Kansas  City  816  miles.  it-  1       •  •        *  -       -' V*- 

the  K10  Grande  drainage  basm  met  in  the  we  ^)  $ 
journey,  although  Gallinas  and  Tecolote  creeks,  above  refen  ^  v| 
are  in  the  Pecos  basin.    According  to  gagings  by  the  United 
Geological  Survey  at  Cowles,  20  miles  or  more  to  the  nori^ 
flow  of  this  river  averages  about  100  second-feet.    The  w 
used  for  irrigation  at  many  places.    There  are  many  Mexican 
ments  along  Rio  Pecos.    One  of  these,  San  Miguel  (me-gaU 
large  plaza  plainly  visible  from  Ribera  station,  about  a  mil 
south,  and  another,  San  Jose  (ho-say')>  formerly  an  Indian  vi 
a  short  distance  east  of  milepost  802.     It  was  at  San  Jose 
Kearney  and  the  Army  of  the  West  encamped  in  1846,  expec 
next  day  to  have  a  battle  with  2,000  Mexicans  under  Gov. 
(ar-me'ho),  who  were  reported  to  be  waiting  for  them  in  the 
beyond  the  summit.    The  following  day  near  Pecos  they  learn 
the  Mexicans,  after  constructing  elaborate  breastworks,  ha 
reled  among  themselves,  and  the  governor  and  his  forces  had  di 
retreated,  leaving  the  way  to  Santa  Fe  open  to  the  Americ 
It  will  be  noted  that  most  of  the  houses  of  the  Mexican  settl 
are  built  of  adobes  (ah-doe'bays),  which  are  large  bricks 
sun-dried  earth.2    The  roofs  and  in  some  houses  also  the  fr 
are  made  of  juniper  posts,  and   the  better  houses  are  pi 
Houses  of  this  sort  are  warm  in  winter  and  cool  in  summer. 
South  of  Sands  and  Fulton  is  a  high  plateau  known  as 
Mesa,  the  northeastern  foot  of  which  is  followed  by  the  rail 

Glorieta  (glo-reeay'ta).     This  mesa  presents 

the  northeast  a  continuous  line  of  cliffs,  wit! 
Eiavatkm  6,526  feet.     crest,  surmounting  long  slopes  which  descend 

valley  of  the  Pecos.     The  railway  is  built  aloi 
slope  on  an  irregular  shelf  or  series  of  shelves  due  to  varioi 
stone  beds  in  the  lower  part  of  the  red  bed  series.     Glorieta 

ridges  beginning  4  or  5  miles  north 
poet  794.    At  this  milepost  the 
on  the  lower  portion  of  the  red  b 
and  these  continue  for  several 

2  In  the  West  the  term  adobe 
monlv  used  both  for  the  mate 
which  the  bricks  are  made  and  for 
built  of  them. 
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1  This  limestone  is  a  light-colored  mas- 
sive rock  containing  numerous  impres- 
sions of  marine  shells  and  is  brought  up  in 
a  low  arch  along  a  prolongation  of  one  of 
the  axes  of  the  main  Rocky  Mountain  up- 
lift. It  is  about  1,000  feet  thick  and  is 
underlain  directly  by  the  old  granites  and 
schists  which  may  be  seen  in  the  high 
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capped  by  the  gray  to  buff  sandstone  of  the  same  bed  which  caps' 
Starvation  Hill  and  the  mesa  southwest  of  Ghapelle. 

At  Pajarita  (pah-ha-ree'ta),  a  small  Mexican  settlement  north  of 
the  railway,  3  miles  beyond  Gise  siding  (see  sheet  13,  p.  88)  and  for 
a  mile  or  two  west  of  that  place,  the  railway  is  on  or  near  the  top  of  the 
Magdalena,  the  same  limestone  as  that  which  is  exposed  between 
mileposts  792  and  794.  This  limestone  is  deeply  trenched  by  the  Rio 
Pecos,  which  flows  in  a  deep  canyon  1  to  2  miles  north  of  the  railway 
in  the  vicinity  of  Pajarita  and  Rowe.  The  high  mesa  cuts  off  the 
view  to  the  south,  but  there  is  in  this  region  an  extended  vista  to  the 
north  up  the  valley  of  the  Rio  Pecos  and  along  the  many  rocky  ridges 
constituting  the  southern  extension  of  the  Rocky  Mountains. 

A  short  distance  beyond  milepost  819,  3  miles  north  of  Rowe,  the 
remains  of  Old  Pecos  Church  are  visible  about  2  miles  north  of  the 

railway,  and  they  continue  in  sight  to  and  beyond 
Rowe-  Decatur  siding,  1  mile  beyond  milepost  820.    They 

Etevatkm  6^05  feet.     axe  8hown  ^  Plate  XII,  A  (p.  74).     These  ruins  mark 

Kansas  city  si  miles,  the  site  of  the  old  pueblo  of  Cicuye  (see-koo'yay), 

which  occupied  a  large  area  on  the  top  and  slopes  of 
a  long  low  ridge  of  red  sandstone. 

The  traveler  is  now  entering  the  land  of  the  Pueblo  Indians,  who 
have  an  interesting  history,  extending  back  many  centuries.  The 
name  Pueblo  (pweb'lo)  was  applied  to  them  by  the  earliest  explorers 
because  they  lived  in  well-established  permanent  villages  (pueblos 
in  Spanish),  in  marked  contrast  to  the  transient  camps  of  the  nomadic 
tribes  to  the  east  and  west.  With  the  Spanish  conquerors  and  after 
them  came  many  self-sacrificing  missionaries  and  other  colonists 
from  Mexico  and  Spain,  endeavoring  to  civilize  the  Pueblo  people. 
It  is  not  easy  to-day  to  appreciate  the  heroism  of  the  men  who  so 
bravely  entered  this  strange  and  isolated  country  and  ruled  its 
natives  for  300  years.  There  were  many  struggles  and  massacres, 
and  the  early  chronicles  are  touching  in  their  evidence  of  a  religious 
zeal  that  overcame  severe  privations. 

At  the  time  of  Coronado's  march  of  conquest  there  were  reported 
to  be  71  pueblos  in  New  Mexico  and  eastern  Arizona,  but  numerous 
remains  of  habitations  of  this  character  show  that  originally  there 
were  many  more  of  them  and  that  they  occupied  a  much  wider 
territory  in  ancient  times.  In  the  seventeenth  century  the  mis- 
sionaries endeavored  to  concentrate  the  Pueblo  people  into  fewer 
settlements,  not  alone  to  strengthen  them  against  attacks  from  the 
savage  nomadic  tribes,  but  also  to  facilitate  their  conversion  to 
Christianity.  The  revolt  of  the  Pueblo  people  against  Spanish 
authority,  in  1680  to  1692,  caused  the  abandonment  of  still  more 
pueblos.    Only  about  20  pueblos  are  now  occupied,  and  of  these 
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only  Acoma  and  possibly  Isleta  (ees-lay'ta)  are  on  the  same  sites  as 
before  the  revolt  of  1680. 

The  Pueblo  houses  are  of  uniform  architecture,  built  of  stone  or 
adobes  in  terraces  one  upon  another,  the  roof  of  one  house  being  the 
yard  of  the  next.  Ladders  were  used  both  for  exterior  and  interior 
climbing.  Entrance  was  effected  through  a  hole  in  the  roof,  through 
which  also  the  smoke  escaped.  Doors,  chimneys,  and  the  dome- 
shaped  ovens  which  seem  so  characteristic  now  were  all  introduced 
by  the  Spaniards.  The  women  built  the  houses  and  later  the 
churches  as  well. 

The  Pueblo  people  have  always  been  weavers  and  potters,  and  it 
is  believed  that  the  "Navajo  blanket' '  was  introduced  to  the  Navajos 
by  Pueblo  women.  They  raised  cotton  prior  to  the  conquest,  and 
the  Spaniards  introduced  sheep.  The  Spaniards  imposed  an  annual 
tax  on  the  Indians  of  a  yard  of  cotton  cloth  and  a  bushel  of  corft 
from  each  house. 

In  general  the  Spaniards  were  received  with  hospitality  on  their 
arrival  in  1540,  but  the  lightness  with  which  Coronado  viewed  his 
promises  to  the  Indians  caused  serious  hostility.  Not  until  Juan  de 
Oflate  (ohn-yah'tay)  arrived  in  1598  were  the  Pueblo  tribes  favor- 
ably influenced  toward  civilization.  OfLate  divided  the  country 
into  districts,  to  each  of  which  a  priest  was  assigned.  Missionary 
work  flourished  during  the  seventeenth  century  until  the  successful 
revolt  of  the  Indians  against  the  civil  authorities  in  1680.  Then  for 
12  years  the  Pueblo  people  were  free  from  Spanish  dominion,  but  as 
during  this  time  they  were  also  deprived  of  Spanish  protection,  they 
suffered  from  the  attacks  of  their  ancient  enemies,  especially  the 
Navajos  and  the  Apaches.  They  were  reconquered  in  1692  by  De 
Vargas,  probably  the  greatest  of  the  Spanish  governors,  and  since 
then  the  Pueblo  Indians  have  been  at  peace  with  the  white  men, 
both  Spaniard  and  American.  They  still  live  in  pueblos  on  their  own 
land,  most  of  which  was  covered  by  Spanish  grants  and  is  now  in 
Government  reservations.  Their  population  has  remained  for 
several  centuries  at  about  8,000. 

The  ruins  of  one  of  the  most  famous  of  these  historic  pueblos  is 
Pecos,  the  one  above  referred  to,  which  lies  3  miles  northwest  of 
Rowe.  In  Coronado's  time  Pecos  was  a  well-established  city,  known 
as  Cicuye,  much  admired  by  the  Spaniards.  At  that  time  it  had  two 
communal  structures  four  stories  high,  with  over  500  rooms  on  the 
ground  floor,  as  well  as  other  buildings,  and  a  population  estimated 
between  10,000  and  20,000.  In  1617  the  Indians  erected  an  elaborate 
church,  with  four  high  towers,  and  a  convent,  under  the  encourage- 
ment of  the  missionaries,  who  established  schools  of  reading,  writing, 
and  music.  These  Indians  belonged  to  the  J6mez  (hay'mace)  tribe, 
though  their  isolation  led  to  their  being  considered  a  separate  nation. 
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The  decline  of  this  stronghold  began  with  its  revolts  against  the 
Spaniards.  Then  followed  sanguinary  raids  of  hostile  Indians,  one 
band  of  Comanches  killing  nearly  every  man  of  the  tribe.  Epidemics 
also  devastated  their  ranks,  so  that  finally  only  17  survivors  remained. 
They  were  removed  to  the  parent  village,  Jemez.  When  Maj. 
Emory  passed  through  this  region  in  1848  he  found  that  the  place  had 
been  abandoned  only  recently  and  learned  that  the  devotional  fire 
had  been  kept  burning  in  the  estufa  (a  sacred  ceremonial  chamber 
found  in  all  the  pueblos)  until  within  a  very  few  years.  Now  only  the 
low  mounds  of  ruins  remain,  except  for  the  church,  of  which  the 
heavy  walls  falling  into  ruins  are  still  a  landmark  (see  PI.  XII,  A), 
as  in  the  days  of  the  Santa  Fe  Trail  These  ruins  have  recently 
been  acquired  by  the  Historical  Society  of  New  Mexico,  which  has 
made  provision  for  their  preservation.  Half  a  mile  away  was  the 
favorite  eating  station  on  the  entire  trail,  where  notably  substantial 
meals  were  served,  including  delicious  trout  caught  in  the  stream 
near  by.  In  this  part  of  his  journey  the  traveler  passes  picturesque 
canyons,  cliffs,  and  mesas  of  varicolored  rocks,  among  which  deep 
reds  and  browns  are  the  prevailing  tints. 

The  train  makes  a  long,  steep  climb  to  Glorieta  Pass,  just  west  of 
Glorieta  siding,  where  the  road  reaches  an  altitude  of  7,421  feet  in 

a  cut  30  feet  deep  through  the  summit.1     This  pass 
is  at  the  divide  between  the  waters  of  the  Pecos  and 
Population  349  *         those  of  the  Rio   Grande.    To   the  north  are  fine 
Kansas  city  mi  miles.  yiews  0f  the  high  peaks  of  the  Rocky  Mountains. 

One  of  the  higher  pinnacles,  known  as  Thompson  Peak,  10,546 
feet  above  the  sea,  is  about  7  miles  northwest  of  Glorieta  and 
plainly  in  view,  and  other  peaks,  some  of  them  2,000  feet  higher, 
may  be  seen  farther  north.  The  range  which  culminates  in  these 
peaks  and  whose  axis  is  crossed  at  Glorieta  is  described  as  the  Santa 
Fe  Range  by  some  authors  and  as  the  Glorieta  Mountains  by  others, 
but  the  entire  system  of  higher  ridges  constituting  the  southern 
extension  of  the  Rocky  Mountains  is  usually  called  the  Sangre  de 


Glorieta. 

Elevation  7,417  feet 


1  The  rocks  at  Glorieta  station  and  in 
the  slopes  east  and  west  are  the  lower 
members  of  the  great  Beries  of  red  beds, 
in  part  of  Penney lvanian  age,  which  are 
extensively  exposed  all  the  way  from  mile- 
post  775.  The  rocks  in  the  cut  are  red 
shales,  including  many  beds  of  red,  brown, 
and  gray  sandstones.  They  contain  num- 
bers of  the  leafy  twigs,  branches,  and 
cones  of  Walchia,  an  ancient  type  of 
cone-bearing  trees  nearest  related  to  the 
Norfolk  Island  pine  (Araucaria),  now  so 
common  in   conservatories.    The  fossil 


plants  found  in  this  cut  show  the  age  of 
the  rocks  to  be  Permian.  The  red  bedfl, 
most  of  which  were  laid  down  in  fresh 
water,  extend  some  distance  up  the  slopes 
of  the  ridge  north  of  the  cut,  where  they 
give  place  to  underlying  limestones  (the 
Magdalena)  rising  on  a  steep  dip  toward 
the  east.  Not  far  beyond  appear  the 
granites  and  schists  of  the  main  Rocky 
Mountain  range.  These  rocks  have  been 
brought  up  by  arching  and  faulting,  and 
they  rise  rapidly  into  prominent  peaks 
that  constitute  the  main  ridge. 
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Cristo  Range.  It  extends  continuously  northward  through  northern 
New  Mexico  into  Colorado.  After  passing  through  Glorieta  Pass  the 
railroad  turns  southwestward  and  follows  a  series  of  canyons  and  val- 
leys, the  headwaters  of  a  branch  of  Galisteo  (gah-lis-tay'o)  Creek,  on 
a  continuous  down  grade  to  the  Rio  Grande  at  Santo  Domingo.  In 
40  miles  the  descent  is  2,175  feet,  of  which  the  steeper  part  (963  feet) 
is  between  Glorieta  and  Lamy. 

This  portion  of  the  journey  takes  the  traveler  over  a  historic 
battle  ground,  for  here  occurred  a  decisive  clash  between  Union  and 
Confederate  forces  in  1862.  A  preliminary  skirmish  ending  in  favor 
of  the  northern  forces  was  followed  by  a  battle  that  lasted  nine  hours 
and  ended  in  a  truce.  The  Confederates,  who  were  from  Texas,  were 
superior  in  numbers  and  equipment,  but  their  stores  were  burned  in 
a  brilliant  flanking  movement.  They  returned  to  Santa  Fe  and 
the  northern  forces  to  Fort  Union.  This  is  variously  known  as  the 
battle  of  Glorieta,  of  Apache  Canyon,  and  of  Pigeon's  ranch,  which 
was  near  the  scene  of  battle. 

Beyond  the  big  cut  at  Glorieta  there  are  extensive  exposures  of 
the  lower  red  beds  for  some  distance,  extending  up  to  the  great  cap 
of  hard  sandstone  that  constitutes  the  mesa  to  the  east.  This  is  the 
western  face  of  Glorieta  Mesa,  which  at  Glorieta  Pass  turns  south- 
ward. In  a  cut  about  2  miles  beyond  the  summit  some  thin-bedded 
blue  clays,  included  in  the  red  beds,  contain  the  remains  of  fresh-water 
shells  and  insects,  and  ferns  of  Permian  age.  A  short  distance  below 
milepost  829  the  sandstone  that  caps  the  mesa  is  brought  down  below 
the  track  by  an  abrupt  bend  of  the  beds,  and  at  this  place  it  is  well 
exposed  in  cuts  and  canyon  walls.  Not  far  west  it  is  cut  off  by  a 
great  fault. 

On  leaving  the  narrow  pass  in  the  canyon  the  train  passes  the  little 
Mexican  village  of  Canyoncito  on  the  right.     At  this  place  the  Santa 

Fe  Trail,  which  the  railway  has  followed  thus  far 
Canyoncito.  down  the  canyon,  turns  to  the  west  to  cross  the  hills 

Elevation  6,866  feet,     to  Santa  Fe.    Canyoncito  was  a  well-known  point  on 

Kansas xxty  wefmiies.  ^e  *ra^  m  ^e  °^  days,  when  its  stores,  saloons,  and 

hotels  were  well  patronized.  Not  all  the  caravans, 
however,  used  this  route,  many  of  them,  especially  in  the  earlier  days, 
leaving  the  main  trail  near  Cimarron  and  crossing  the  range  to  the 
Indian  pueblo  of  Taos  and  thence  to  the  city.  Santa  Fe,  the  capital 
of  New  Mexico,  is  12  miles  to  the  northwest,  at  the  west  foot  of  the 
mountain  range  which  is  crossed  at  Glorieta. 

Below  Canyoncito  the  railway  follows  Apache  Canyon,  in  which 
there  are  extensive  exposures  of  the  lower  red  beds  on  both  sides. 
Just  beyond  milepost  832  the  train  enters  a  narrow  gorge  in  granite 
which  has  been  brought  up  by  a  fault.  This  granite  extends  for 
nearly  a  mile  to  another  fault  that  cuts  it  off  on  the  west.    The 
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canyon  in  the  granite  is  very  narrow,  deep,  and  winding  and  presents 
many  picturesque  features  carved  in  hard  rock.  This  is  the  only 
place  at  which  the  oldest  rock  of  the  Rocky  Mountains  is  crossed  by 
the  railway,  and  its  presence  here  is  due  to  two  faults,  or  breaks  in 
the  earth's  crust,  along  which  a  narrow  wedge  of  the  granite  has  been 
uplifted  in  relation  to  the  adjoining  red  beds.  At  the  mouth  of  the 
granite  canyon,  just  east  of  the  track,  are  the  remains  of  the  Lamy 
church  and  convent,  built  by  the  Spanish  missionaries  several  cen- 
turies ago.  It  is  now  in  ruins,  but  the  general  character  of  the  build- 
ing is  evident. 

Most  trains  stop  at  Lamy,  some  of  them  to  connect  with  a  branch 
that  extends  north  to  Santa  Fe,  18  miles,  and  some  for  meals  at  the 

remarkably  pretty  little  hotel  named  El  Ortiz.     Lamy 
Lamy-  takes  its  name  from  the  first  American  archbishop 

K^at^^is  of  Saata  Fe'     At  Lamy  the  vaUey  of  Galisteo  fr^ 

'  widens,  and  although  on  its  east  side  there  are  high 

masses  of  the  southern  continuation  of  Glorieta  Mesa,  the  region  to 

the  west  and  south  is  mostly  a  rolling  plain.     This  is  part  of  the 

broad  basin  of  the  Rio  Grande,  which  is  occupied  by  a  widespread 

accumulation  of  sands,  gravels,  and  loams  of  Tertiary  age.    This 

basin  extends  far  westward  to  the  foot  of  the  mountains,  which  may 

be  seen  in  the  distance,  and  down  the  Rio  Grande  valley  through  all 

of  central  New  Mexico.     The  eastern  edge  of  the  Tertiary  deposits 

lying  against  the  older  rocks  is  exposed  in  the  ridges  a  short  distance 

north  and  west  of  Lamy. 

Eighteen  miles  north  of  Lamy  and  easily  accessible  by  trains  on 
the  branch  line  is  the  quaint  and  interesting  town  of  Santa  Fe,  one 
of  the  oldest  white  settlements  in  the  country.  It  was  established  in 
1605  by  Juan  de  Ofiate  as  a  seat  of  the  Spanish  Government.  Many 
of  the  ancient  buildings  and  churches  still  remain.  In  the  excellent 
museum  kept  by  the  State  Historical  Society  in  the  old  palace  there 
are  many  souvenirs  of  the  early  and  late  history  of  New  Mexico. 
This  history  has  been  one  of  extraordinary  interest,  from  the  time 
when  a  mere  handful  of  Spaniards  made  Santa  Fe  their  headquarters 
in  controlling  thousands  of  hostile  Indians  to  the  later  days  of  the 
American  occupation,  beginning  in  1846.  The  first  Territorial  legis- 
lature of  New  Mexico  (then  including  Arizona)  met  here  June  1,  1851. 
The  church  of  San  Miguel,  the  oldest  church  in  the  United  States,  is 
in  Santa  Fe. 

To  the  transcontinental  traveler  the  town  is  of  special  interest  as 
the  terminus  of  the  old  Santa  Fe  Trail.  Every  summer  the  caravans 
found  on  their  arrival  that  people  had  come  to  Santa  Fe  from  all  sides, 
even  from  places  as  far  away  as  El  Paso,  to  purchase  their  wares,  and 
many  stores  were  opened  in  Santa  Fe  expressly  for  the  sale  of  their 
goods.     The  wagon3  of  many  of  the  traders  had  a  capacity  equal  to 
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that  of  a  small  canal  boat.  They  carried  a  load  of  domestic  cottons, 
silks,  hardware,  etc.,  which  they  were  able  to  sell  at  50  to  100  per 
cent  profit.  This  high  rate  was  necessary  considering  not  only  the 
long  and  perilous  journey  of  transportation  but  also  the  import  tax 
that  was  levied  upon  these  merchantmen  of  the  plains  by  the  Mexican 
authorities — an  exorbitant  duty,  sometimes  as  high  as  100  per  cent. 
This  entry  duty  was  succeeded  by  another  duty  on  the  money  carried 
away,  so  the  early  traders  frequently  invested  their  gains  in  beaver 
skins,  which  passed  through  free  and  yet  netted  a  good  profit  on  sale 
in  St.  Louis. 

At  the  ruins  of  San  Cristobal  (cris-toe'bahl),  which  is  only  about  7 
miles  south  of  Lamy  and  is  easily  reached  by  a  good  road  through  the 
Pankey  ranch,  there  are  sandstone  cliffs  marked  with  many  well- 
preserved  Indian  pictographs.  They  are  opposite  the  site  of  San 
Cristobal  pueblo,  which  has  recently  been  extensively  excavated. 
The  pictographs  were  apparently  traced  by  a  hard-pointed  stone  or 
arrowhead.     Pictures  were  of  great  importance  to  the  Indians,  not 
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Figure  14.— Section  across  Galisteo  Valley  at  Lamy,  N.  Mex. 

only  those  on  rocks  but  the  markings  on  their  own  bodies.  The 
body  markings  often  acted  as  personal  badges — of  bravery,  mar- 
riage, freedom,  or  slavery — and  in  the  same  way,  it  is  believed,  most 
of  the  rock  pictures  recorded  the  achievement  of  some  individual. 

Just  west  of  Lamy  station  shales  and  limestones  of  Upper  Creta- 
ceous age  (Mancos)  are  well  exposed,  dipping  steeply  eastward,  and 
the  Dakota  sandstone  and  underlying  Morrison  shale  crop  out  half  a 
mile  north  of  the  station.  On  the  east  side  of  the  flat  east  of  the 
village  these  rocks  are  cut  off  by  a  prolongation  of  the  fault  which 
passes  down  Apache  Canyon.  East  of  this  fault  rise  steep  slopes  of 
the  red  beds  which  underlie  the  high  mesa  extending  southward  from 
Glorieta  Mesa.  The  relations  of  the  rocks  at  Lamy  are  shown  in 
figure  14. 

The  prominent  butte  just  south  of  Lamy,  known  as  Cerro  Colorado, 
consists  of  Mesaverde  sandstones  overlying  the  Mancos  shale.  These 
sandstones  dip  southwestward  and  underlie  the  country  on  both 
sides  of  the  railway  for  some  distance.  They  are  exposed  exten- 
sively in  railway  cuts  and  form  prominent  ridges  along  the  railway 
at  intervals  from  Lamy  to  and  beyond  Kennedy. 
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A  short  distance  north  of  Kennedy  the  Santa  Fe  line  is  crossed 
by  the  New  Mexico  Central  Railroad,  which  extends  from  Santa 

Fe,  25  miles  north  of  Kennedy,  to  Torrence,  on  the  El 
Kennedy.  Paso  &  Southwestern  system,  90  miles  south.    Just 

Elation  6,006  feet.     north  of  Kennedy  the  railway  crosses  a  vertical  dike 

of  basalt  which  extends  east  and  west  across  the 
country  for  a  long  distance,  cutting  the  sandstone.  Its  width  aver- 
ages about  30  feet,  and,  owing  to  the  great  resistance  to  erosion 
offered  by  the  hard  igneous  rock,  its  course  is  marked  by  a  distinct 
ridge  from  30  to  100  feet  high. 

Two  miles  east  of  Kennedy  is  the  Mexican  village  of  Galisteo, 
which  was  an  important  settlement  two  centuries  ago.  A  short  dis- 
tance north  of  it  are  numerous  low  red  mounds  with  traces  of  walls 
marking  the  site  of  the  Galisteo  pueblo.  In  1680,  or  at  the  time 
of  the  massacre,  it  had  a  population  of  about  a  thousand  Tanos 
Indians  under  control  of  the  Spaniards,  who  had  erected  a  hand- 
some church.  Six  miles  east,  up  the  creek,  was  another  pueblo, 
San  Cristobal,  now  marked  by  extensive  ruins.  Galisteo  remained 
prominent  until  late  in  the  eighteenth  century,  when  the  Tanos, 
greatly  depleted  by  smallpox  and  the  depredations  of  the  Comanches, 
removed  to  the  village  of  Santo  Domingo,  on  the  Rio  Grande,  a 
little  farther  west,  where  their  descendants  now  live,  preserving  their 
language  and  many  customs. 

About  5  miles  south  of  Kennedy  is  a  prominent  butte,  known  as 
Cerro  Pelon  (pay-lone',  Spanish  for  bald),  which  consists  of  a  thick 
mass  of  igneous  rock  lying  on  sandstones. 

A  few  rods  beyond  Ortiz,  at  mileppst  847,  is  a  quarry  where  a  rock 
known  as  breccia  is  taken  out  in  large  blocks  to  be  used  in  protect- 
ing the  railway  embankment  at  various  places.    This 
Ortiz.  breccia  consists  of  angular  masses  of  volcanic  rocks 

Elevation  5,820  feet.     Qf  various  kinds  mixed  with  more  or  less  sand  and 

Kansas  City  862  miles.  ,  .  .  . 

cemented  together  into  stone  of  considerable  hard- 
ness. The  cementing  agent  is  lime  or  silica  deposited  by  under- 
ground water  passing  through  the  deposit.  This  rock  crops  out  in 
extensive  cliffs  on  the  north  side  of  the  track  for  some  distance  on 
both  sides  of  Ortiz.  It  is  a  member  of  the  Galisteo  sandstone 
(of  probable  Tertiary  age),  which  occupies  a  basin  of  considerable 
area  extending  northward  under  the  sands  and  clays  known  as  Santa 
Fe  marl. 

The  name  Ortiz,  applied  to  various  features  in  central  New  Mexico, 
belongs  to  a  family  which  has  been  prominent  in  the  history  of  the 
Southwest  since  the  arrival  of  its  founder  with  De  Vaigas's  expedition 
of  conquest  after  the  pueblo  revolt  of  1680-1692. 

A  mile  and  a  half  beyond  Ortiz  siding  the  Ortiz  Mountains  are 
visible,  10  miles  southwest  of  the  railway.     They  consist  of  a  thick 
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body  of  igneous  rock  intruding  the  coal-bearing  Mesaverde  sandstone. 
Considerable  gold  ore  has  been  found  here  and  there  along  the 
slopes  of  these  mountains  and  also  in  placer  form  in  the  wash  of  many 
of  the  draws  leading  out  of  them.  The  mining  is  done  mainly  by 
Mexicans;  none  of  it  is  on  a  large  scale,  but  it  has  been  in  progress 
for  more  than  two  centuries  and  at  intervals  still  yields  a  small  profit. 
Gold  was  taken  from  the  Dolores  mine  in  this  district  as  early  as  1830. 
At  milepost  849  the  sandstones  of  later  Cretaceous  age  rise  from 
beneath  the  Tertiary  beds  and  appear  in  ledges  of  considerable  promi- 
nence just  north  of  the  railway,  the  ridge  of  breccia  dropping  back 
to  the  north.  Halfway  between  mileposts  849  and  850,  this  sand- 
stone contains  numerous  petrified  logs,1  some  of  them  50  to  60  feet 
long,  exposed  in  a  small  area  a  short  distance  north  of  the  railway. 
From  this  place  westward  the  sandstones  are  conspicuous  in  promi- 
nent ledges,  in  which  most  of  the  beds  dip  steeply  to  the  southeast. 
Buff  is  the  prevailing  color,  but  some  of  them  are  red. 

White  a  ah  coal. 
Peacock  coal  \ 
,0ok and  White  coa,s   " 


Mancoa  shale 


Shale  and  sandstone 


Igneous    rock 

Horizontal  and  vertical  scale 

500      ipoo  2,000  Feet 

■ i i 


Shale  and  sandstone  Igneous 


Figure  15.— Section  through  Madrid,  3  miles  south  of  Los  Cerrillos,  N.  Hex., showing  relations  of  coal 

beds  to  the  sheets  of  igneous  rock. 

Just  north  of  the  railway,  halfway  between  mileposts  851  and  852, 
a  large  mass  of  igneous  rock  cuts  across  the  beds  of  sandstone  and 
shale.  It"  was  forced  up  in  molten  condition  through  cracks  in  the 
strata.  A  short  distance  farther  west,  where  the  igneous  rock  is 
quarried  extensively,  it  is  exposed  cutting  across  vertical  shales. 
This  is  in  the  eastern  part  of  the  village  of  Los  Cerrillos. 

Los  Cerrillos  (sair-reel'yos,  locally  sair-ree'yos;  Spanish  for  little 
hills)  is  an  old  village  sustained  mostly  by  mining  in  the  adjoining 

hills.  At  Madrid,  a  few  miles  south  of  it,  are  large 
coal  mines  whose  product  is  taken  by  a  branch  rail- 
way to  Waldo,  the  next  station  beyond  Los  Cerrillos. 
The  total  amount  of  coal  so  far  mined  is  more  than 
2,500,000  tons,  and  the  output  in  1913  was  approxi- 
mately 68,000  tons.  Coal  was  discovered  here  in  1835.  Before  the 
railway  was  constructed  the  output  of  the  mines  was  small,  but 
in  1882  the  deposits  here  became  a  very  important  source  of  supply, 
and  a  large  area  has  since  been  worked  out.     There  are  three  prin- 


Los  Cerrillos. 

Elevation  5,660  feet. 
Population  674* 
Kansas  City  868  miles. 


1  These  appear  to  be  the  remains  of 
a  forest  of  Cretaceous  age.  The  stems 
are  largely  chalcedonized,  but  the  micro- 


structure  shows  that  they  were  conifers. 
(See  also  the  description  of  the  Petrified 
Forest,  pp.  107-109.) 
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cipal  beds  of  coal,  ranging  from  3  to  5  feet  thick  in  greater  part.  The 
field  is  about  12  miles  long  and  3  to  8  miles  wide.  The  coal  occurs 
in  sandstone  and  shale  of  the  Mesaverde  formation.  An  interesting 
feature  of  this  place  is  that  a  considerable  part  of  the  coal  has  been 
converted  into  anthracite  and  some  of  it  into  coke  by  the  heat  of 
two  extensive  sheets  of  igneous  rock  which  have  been  forced  in  a 
molten  condition  between  the  beds.  A  large  amount  of  this  anthra- 
cite is  mined,  most  of  it  from  a  bed  which  in  other  parts  of  the  area 
yields  bituminous  coal. 

Four  miles  north  of  Los  Cerrillos  are  the  mines  from  which  for 
many  years  our  principal  supply  of  turquoise  was  obtained.  The 
mineral  is  found  in  small  veins  and  other  masses  in  an  igneous  rock 
(diorite  porphyry),  which  cuts  the  Cretaceous  shales  and  sandstones. 
It  occurs  very  irregularly  through  the  decomposed  portions  of  the 
rock  and  also  varies  greatly  in  size,  color,  and  suitability  for  use  as  a 
gem.  It  is  believed  that  the  turquoise  has  been  deposited  in  cracks 
in  the  igneous  rock  by  percolating  waters  which  brought  together,  in 
solution,  its  constituents  derived  from  the  decomposing  diorite  por- 
phyry. Besides  the  principal  mine  there  are  several  small  openings 
in  which  small  pockets  of  turquoise  have  been  found  from  time  to 
time.  The  value  of  the  product  has  risen  to  $500,000  in  some  years; 
in  1895  one  stone  obtained  was  valued  at  $6,000.  The  locality  has 
been  known  to  the  Indians  for  many  centuries  and  was  the  source  of 
the  material  used  by  them,  in  large  amount,  for  beads  and  jewelry. 
Some  of  them  regard  it  as  a  specific  against  contagion.  When  Pedro 
de  Tovar,  one  of  Coronado's  men,  visited  tho  Hopis  in  Arizona  they 
presented  him  with  specimens  of  turquoise  which  undoubtedly  came 
from  this  place.  Many  of  the  early  explorers  visited  the  locality 
under  the  guidance  of  the  Indians,  for  the  place  is  referred  to  in  the 
journals  of  all  the  expeditions  which  passed  in  this  vicinity.  On 
the  slopes  of  Mount  Chalchihuitl  (tchal-tchi-wee'tl,  the  old  Mexican 
name  for  turquoise),  one  of  the  minor  peaks  of  tho  hills  called  Los 
Cerrillos,1  the  earliest  observers  discovered  large  pits  that  had  been 
long  abandoned,  for  the  d6bris  was  overgrown  with  good-sized  trees, 


1  The  hills  north  of  Los  Cerrillos  station 
are  of  similar  origin  to  the  Ortiz  Moun- 
tains, on  the  south — that  is,  they  consist 
of  masses  of  igneous  rock  (diorite  por- 
phyry) that  has  been  forced  up  in  molten 
condition  through  the  Cretaceous  shales 
along  irregular  vents  of  various  sizes. 
They  constitute  a  group  of  six  conical 
peaks  occupying  an  area  of  about  12 
square  miles.  The  relations  of  one  of 
these  masses  is  well  exposed  a  short  dis- 
tance east  of  the  station,  and  other  contact 


phenomena  are  visible  at  intervals  in  the 
next  mile  west.  Nearly  a  mile  west  of 
Los  Cerrillos  a  wall  of  the  igneous  rock 
rises  150  feet  above  the  railway  track  and 
continues  for  nearly  a  quarter  of  a  mile. 
At  intervals  westward  past  Waldo  many 
large  dikes  of  the  igneous  rock  cut  the 
shale,  and  most  of  them  give  rise  to  low 
but  conspicuous  ridges  extending  several 
miles  across*  the  country.  Some  of  these 
dikes  are  plainly  visible  a  short  distance 
north  of  the  railway . 
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Waldo. 


and  found  numerous  stone  hammers.    It  was  evident  that  the  work- 
ings were  of  great  antiquity. 

The  ruins  of  the  old  pueblo  of  San  Marcos  stand  a  short  distance 
north  of  Los  Cerrillos. 

At  Waldo  the  branch  railway  from  Madrid  joins  the  main  line. 
West  of  Waldo  the  route  crosses  a  thick  body  of  Mancos  shale,  dipping 

mostly  eastward.     Near  milepost  858,  about  4  miles 
west  of  Waldo,  the  Dakota  and  associated  sandstones 
Elevation  5,606  feet.     an(j  shales  are  brought  up  in  regular  succession  from 

Kansas  City  868  miles.  _  .  .     .  ®  /  &  _. 

under  the  shales,  and  they  present  excellent  expo- 
sures not  far  from  the  railway.  The  main  mass  of  sandstone,  which 
rises  in  a  ridge  of  considerable  prominence,  is  underlain  by  a  thick 
series  of  sandstone  and  light-colored  clays,  believed  to  be  the  Morri- 
son formation.  These  beds  are  underlain  by  a  60-foot  bed  of  gypsum, 
which  comes  to  the  railroad  in  a  high  bluff  at  milepost  859  and  con- 
tinues in  sight  to  the  north  for  nearly  a  mile.  This  thick  deposit  of 
gypsum,1  on  account  of  its  snow-white  color  and  the  large  mass 
exposed,  is  one  of  the  most  conspicuous  occurrences  of  the  mineral  in 
the  Southwest. 

At  Rosario  siding  the  cliff  of  gypsum  may  be  seen  to  bear  off  to 
the  northeast,  and  the  country  for  many  miles  west  of  that  place  is 
occupied  by  the  sands,  gravels,  and  loams  of  the  formation  known 
as  the  Santa  Fe  marl,  which  is  of  late  Tertiary  age.  There  are  con- 
spicuous exposures  of  this  formation  all  along  the  slopes  of  the  valley 
of  Galisteo  Creek,  past  Domingo  station,  to  the  Bio  Orande.  The 
beds  he  nearly  level  and  are  mostly  carved  into  badland  forms.  In 
some  of  the  mesas  in  view  far  to  the  northeast  these  marls  are  over-, 
lain  by  some  thick  sheets  of  black  lava  (basalt),  which  were  poured 
out  over  the  plain  before  the  valleys  had  been  excavated  as  deep  as 
they  are  at  present. 

By  looking  up  the  Rio  Grande  from  the  mouth  of  Galisteo  Creek, 
which  is  2  miles  west  of  Domingo,  the  traveler  may  discern  White 

Rock  Canyon,  through  which  the  river  flows  for  sev- 
Domingo.  eraj  j^^  an(j  mm  which  it  is  joined  on  the  west  by 

Elevation  5,248  feet.     pajarita  and  Frijole  (free-ho'lay)  creeks.     In  the  deep 

k  ansas  v'liy  sol  nines.  _    _  _  _     _ 

canyons  of  these  creeks  are  some  of  the  most  exten- 
sive and  remarkable  cliff  dwellings  in  the  West.  The  rock  of  the 
canyon  walls  is  a  volcanic  tuff  of  very  massive  structure  and  only 
moderate  hardness.  This  great  body  of  tuff  lies  against  the  east 
flank  of  the  Valle  Grande  (vahl'yay  grahn'day)  Mountains,  which  rise 
prominently  20  miles  to  the  northwest.     In  the  canyon  walls  this 


1  Gypsum  consists  of  calcium  sulphate 
with  about  20  per  cent  of  combined  water. 
It  is  the  source  of  plaster  of  Paris,  which 
is  used  extensively  in  the  arts  and  which 


is  prepared  by  heating  gypsum  to  a  mod- 
erately high  temperature  to  drive  off  the 
combined  water  and  grinding  the  result- 
ing mass  to  a  line  powder. 
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tuff  rises  in  high  cliffs,  in  which  thousands  of  excavations  were  cut 
by  the  aborigines.  These  places  afforded  particularly  favorable  con- 
ditions for  dwellings,  owing  to  their  inaccessibility  to  the  enemy  and 
comparative  ease  of  defense. 

The  cliff  dwellings,  of  which  there  are  many  in  New  Mexico  and 
Arizona,  were  occupied  by  Pueblo  Indians  and  their  ancestors,  espe- 
cially in  time  of  danger  from  hostile  tribes.  Some  of  them  were 
located  near  streams  and  fields  and  it  is  likely  that  they  were  occu- 
pied as  dwelling  places  and  for  storage  of  grain  and  other  property 
at  times  when  no  danger  threatened.  In  the  edge  of  the  Jemez 
Plateau,  which  faces  the  Rio  Grande  a  few  miles  north  of  Santo 
Domingo,  there  are  thousands  of  caves  that  were  thus  used.  The 
early  history  of  the  Pueblo  people  affords  many  examples  of  their 
willingness  to  abandon  an  old  home,  or  even  a  pueblo,  when  it  suited 
their  interests  to  do  so.  This,  in  some  measure,  accounts  for  the 
great  number  of  ruins  in  the  Southwest,  and  thus  it  must  not  be 
imagined  that  cliff  dwellings  were  deserted  only  because  of  the  exter- 
mination of  the  tribe  that  had  occupied  them. 

The  Rio  Grande,  the  east  bank  of  which  is  followed  by  the  railway 
from  the  mouth  of  Galisteo  Creek  to  Albuquerque  and  beyond,  is 
one  of  the  longest  streams  in  the  United  States,  draining  a  wide  area 
of  the  central  Rocky  Mountains  in  Colorado  and  northern  New 
Mexico.  Its  valley  was  the  natural  route  for  all  the  exploring  parties 
and  the  site  of  the  settlements  of  many  of  their  colonists.  It  was 
named  by  Hernando  de  Alvarado,  of  the  Coronado  expedition,  Rfo 
de  Nuestra  Sefiora  (River  of  Our  Lady).  The  bottom  lands  that 
extend  along  the  river  at  most  places  have  been  utilized  for  many 
centuries  for  agriculture  and  there  are  almost  continuous  settlements 
and  ranches  along  both  sides.  As  early  as  1680  there  were  19  ranches 
of  Spaniards  in  the  general  Albuquerque  region. 

Many  of  the  present  ranches  and  villages  are  peopled  by  Mexicans, 
but  there  are  also  numerous  settlements  of  Indians.  One  large  Indian 
village  is  at  Santo  Domingo  (see  PL  XII,  B,  p.  74),  not  far  north  of 
the  railway,  half  a  mile  below  the  mouth  of  Galisteo  Creek.  This 
pueblo,  known  to  be  the  third  one  built  on  this  site,  was  established 
as  Gipuyi  200  years  ago.  Because  of  its  proximity  to  the  Rio  Grande 
it  has  suffered  disastrously  in  three  great  floods.  There  are  at  Santo 
Domingo  now  about  800  Indians  living  in  fairly  comfortable  adobe 
houses  and  cultivating  an  extensive  area  of  adjoining  fields,  largely 
irrigated  from  the  Rio  Grande.  These  Indians  have  for  a  long  time 
been  the  chief  traders  in  the  turquoise  from  Los  Cerrillos.  Together 
with  those  at  San  Felipe  (fay-lee 'pay),  Cochiti  (co-chee'tee),  and  sev- 
eral other  pueblos,  they  are  remnants  of  the  eastern  division  of  the 
Keresan  tribe,  of  which  the  Acoma  and  Laguna  Indians  form  the 
western  division.     They  have  a  language  very  different  from  that  of 
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other  Indians  in  New  Mexico.  On  their  feast  day,  which  is  about 
August  4  to  7,  a  great  celebration  occurs,  with  dances  and  other 
features.  This  is  attended  by  a  large  number  of  people,  who  are  made 
welcome. 

Southwestward  from  Santo  Domingo  along  the  east  bank  of  the 
Rio  Grande  there  are  extensive  exposures  of  the  Santa  Fe  marl  in 
long  slopes,  partly  of  a  badland  character.  In  places  on  the  west  side 
this  material  constitutes  the  slopes  of  mesas  of  considerable  height, 
which  are  capped  by  lava  flows  (basalt). 

Opposite  milepost  875,  2J  miles  beyond  Elota  (ay-lo'ta)  siding, 
there  is  another  Indian  pueblo,  known  as  San  Felipe.  Although  it 
is  on  the  west  bank  of  the  river  it  is  plainly  visible  from  the  trains, 
and  many  of  its  features  may  be  seen  in  passing.  A  conspicuous 
building  is  the  large  church  of  curious  architecture  in  the  center  of  the 
settlement.  As  early  as  1607  San  Felipe  had  a  church.  The 
present  town  was  built  at  the  beginning  of  the  eighteenth  century. 
On  top  of  the  mesa  a  short  distance  north  of  San  Felipe  are  ruins  of  a 
still  older  pueblo  built  for  protection  against  the  Spaniards.  At  a 
still  earlier  time  the  Indians  had  other  places  of  residence,  includ- 
ing Cubero  (koo-bay'ro),  all  bearing  the  name  Katishtya.  These 
Indians,  like  those  at  Santo  Domingo,  are  of  Keresan  stock.  They 
now  number  about  50Q. 

Behind  San  Felipe  there  is  a  moderately  high  mesa  of  Santa  Fe 
marl  capped  by  a  sheet  of  black  lava  (basalt).  The  edge  of  this 
sheet  shows  the  columnar  structure  characteristic  of  rocks  of  this 
kind.  The  lava  came  out  of  cracks  some  distance  to  the  .west  and 
spread  over  a  considerable  area  at  a  time  when  the  bottom  of  the 
valley  was  about  150  feet  higher  than  it  is  at  present.  There  have 
been  many  of  these  eruptions  at  different  places  in  the  valley  of  the 
Rio  Grande,  as  well  as  on  some  of  the  adjoining  highlands,  and 
volcanic  activity  appears  to  have  continued  until  very  recent  time. 
The  Pueblo  Indians  have  traditions  of  "  floods  of  fire,"  and  it  is 
stated  that  volcanic  ash  fell  in  seven  of  the  twelve  years  following 
their  revolt  for  independence  from  Spanish  rule. 

Algodones  (ahl-go-doe'nace)  is  a  Mexican  village  which  is  an 
important  center  and  shipping  point  for  ranches  and  the  sheep 

industry.  The  valley  of  the  Rio  Grande  in  this 
Algodones.  vicinity   contains  many  large  fields   of   alfalfa   and 

Elevation  5,089  feet,  other  crops  irrigated  by  water  supplied  by  canals 
Kansas  city  894  miles,  from  the  river.     The  hills  on  both  sides  consist  of  the 

gray  to  pink  Santa  Fe  marl,  which  extends  along 
the  valley  in  a  belt  of  considerable  width.  On  the  west  side  of  the 
river  these  beds  are  capped  by  a  lava  sheet  forming  a  high  mesa. 
This  material  is  called  marl  because  it  is  a  fine  light-colored  silt, 
similar  to  the  true  marl  deposited  in  ponds.     Ridges  rising  out  of 
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Ruiz. 


the  Santa  Fe  marl,  at  a  point  6  miles  northeast  of  Algodones,  consist 
of  the  Dakota  and  associated  sandstones  and  the  red  beds,  while 
farther  south  the  underlying  rocks  appear  in  a  ridge  of  limestone 
(the  Magdalena)  which  rises  gradually  to  a  high  range  known  as  the 
Sandia  Mountains  (sahn-dee'ah,  Spanish  for  watermelon).  This 
range  is  a  very  prominent  feature  that  extends  along  the  east  side 
of  the  Rio  Grande  valley  for  7  miles.  Its  higher  summits  rise  some- 
what above  an  altitude  of  10,000  feet — that  is,  5,000  feet  above  the 
river. 

Ruiz  (rwees)  is  a  contraction  of  the  name  of  the  Franciscan  friar 
Rodriguez,  who  organized  a  small  expedition  from  Mexico  in  1581. 

On  an  exploring  trip  through  the  pueblos,  he  and 
two  other  Franciscans  remained  after  the  departure 

Elevation  5,«B  feet  of  their  soldier9.  ^  three  friars  were  murdered 
Kansas  City  898  miles. 

by  the  Indians,  Rodriguez  being  the  last  of  the  three. 
He  was  killed  in  this  neighborhood,  and  his  body  was  thrown  into 
the  Rio  Grande,  which  was  then  in  flood. 

On  the  west  side  of  the  river  opposite  Ruiz,  a  small  body  of  black 
volcanic  rock  (basalt)  is  exposed,  cutting  across  the  marls  and  forming 
a  small  peak.  Probably  this  represents  a  feeder  for  the  lava  flow  on 
the  mesa,  which  here  trends  off  to  the  northwest. 

Near  Bernalillo  the  steep  western  front  of  the  Sandia  Mountains  is 
plainly  in  view  (PI.  XIII,  A,  p.  75).  The  greater  part  of  the  slope  is 
granite  and  schist,  but  at  the  top  there  is  a  capping  of  several  hun- 
dred feet  of  limestone,  which  also  dips  continuously  down  the  more 
moderate  eastern  slope  of  the  range.  This  limestone  presents  to  the 
west  a  light-colored,  almost  unbroken  cliff  of  considerable  height, 
which  is  readily  recognized  above  the  darker,  rugged,  granite  slopes. 
A  cross  section  of  the  Sandia  Mountains  *  is  given  in  figure  16. 


1  Thifi  range  is  the  northernmost  of  a 
series  of  nearly  similar  ranges  which 
stretch  from  north  to  south  east  of  the 
Rio  Grande,  extending  as  far  south  as  El 
Paso,  where  they  abruptly  end.  The 
limestone  capping  the  Sandia  Mountains 
is  of  later  Carboniferous  age  (Magdalena 
group),  and  in  the  valley  east  of  the 
mountains  it  dips  beneath  a  thick  series 
of  red  beds  (Pennsylvanian  to  Tr Lassie), 
as  shown  in  the  section.  It  has  long 
been  supposed  that  the  beds  on  the  west 
front  of  these  mountains  are  cut  off  by 
a  great  fault,  or  in  other  words  that 
they  are  due  to  an  uplifted  block  of  the 
earth's  crust  broken  oft  along  its  west 
side.    There  is,   however,    considerable 


evidence  afforded  by  small  exposures  of 
limestone  along  the  west  foot  of  the  moun- 
tains to  show  that  they  are  due  mainly  to 
an  upward  arch  of  the  strata,  effected 
mostly  by  bending,  but  doubtless  with 
minor  local  breaks.  Most  of  the  lime- 
stone and  the  overlying  rocks  that  extend 
along  the  west  foot  of  the  mountains  are 
covered  by  a  thick  sheet  of  the  Santa  Fe 
marl,  which  occupies  a  large  part  of  the 
Rio  Grande  valley.  These  deposits  crop 
out  at  many  places  in  the  slopes  on  both 
sides  of  the  river.  They  are  sands  and  fine 
loams,  with  some  layers  of  reddish  tint,  all 
lying  nearly  horizontal.  The  broad  basin 
or  old  valley  which  they  occupy  is  exca- 
vated in  soft  shales  of  Cretaceous  age. 
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Bernalillo  (bare-nah-leel'yo,  locally  ber-nah-lee'yo;  Spanish  for 
little  Bernard)  was  so  named  because  it  was  settled  by  descendants 

of  Bernal  Dfaz  del  Castillo,  who  was  associated  with 
Bernalillo.  Cortez  in  the  conquest  of  Mexico.    The  population 

Elevation  5,033  feet,  consists  mainly  of  Mexicans,  and  the  village  is  one  of 
km^ atyw iniies.  the  oldest  settlements  in  the  valley.    The  fertility  of 

the  wide  valley  and  the  favorable  conditions  for  irri- 
gating by  use  of  the  water  of  the  Rio  Grande  have  been  the  principal 
factors  in  sustaining  a  large  settlement  at  this  place.  De  Vargas, 
the  Spanish  governor  who  restored  Spanish  domination  after  a  lapse 
of  12  years,  died  here  in  1704.  There  have  been  Indian  villages  on 
the  same  site  and  in  the  vicinity  for  centuries. 

A  short  distance  north  of  Bernalillo  began  the  province  of  the  Tigua 
group  of  Pueblo  people,  who  became  famous  through  the  narratives 
of  the  early  historians.  They  comprised  three  geographic  divisions, 
of  which  the  one  living  in  the  region  extending  from  Bernalillo  35 


Sandia  Mtn 
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Fioube  16.— Section  through  Sandia  Mountains,  near  Bernalillo,  N.  Max.,  looking  south,  a,  8andstone; 
b,  Magdalena  limestone;  c,  red  sandstone;  d,  gray  sandstone  and  limestone;  e,  red  shale;  /,  massive 
red  sandstone  (Wingate);  g,  gypsum  and  limestone;  h,  Morrison  shale;  i,  Dakota  sandstone;  j,  Marions 
shale;  k,  Mesaverde  coal  measures. 

miles  south  was  the  middle.  The  reported  population  in  1630  was 
7,000,  living  in  15  or  16  pueblos.  Their  principal  settlement, 
Puaray  (pwa-rye'),  called  by  the  early  explorers  Tiguex,  lies  in 
ruins  at  tie  south  end  of  the  present  village  of  Bernalillo.  It  was 
probably  here  that  Coronado  spent  his  first  winter  and  here  that  he 
conducted  a  50-day  siege  during  the  revolt  of  the  Tigua  villages 
against  him.  His  success  led  to  the  first  plundering  of  the  town 
by  the  Spaniards;  the  last  occurred  at  the  time  of  the  general  revolt 
of  the  Pueblos  against  Spanish  rule  in  1680  and  resulted  in  the  final 
abandonment  of  the  village  by  the  Indians. 

From  Bernalillo  to  Albuquerque,  a  distance  of  16  miles,  the  railway 
continues  along  the  east  side  of  the  Bio  Grande,  but  in  some  places  it 
is  separated  from  the  stream  by  wide  alluvial  flats,  which  at  Albu- 
querque are  more  than  a  mile  across.  The  Tigua  pueblo  of  Sandia  is 
on  the  east  side  of  the  Rio  Grande  about  12  miles  north  of  Albu- 
querque. It  was  visited  by  Coronado  and  had  many  vicissitudes  of 
abandonment  and  burning,  but  was  reestablished  by  the  missionaries. 
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Ten  miles  from  Albuquerque  is  the  ruined  pueblo  of  Alameda 
(ah-lah-may'da,  Spanish   for  row  of  cottonwoods).      This  was  a 

Tigua  village  which  was  built  upon  the  banks  of  the 
Alameda,  Rio  Grande,  but  owing  to  a  change  in  the  course  of 

Elevation  4,980  feet,  that  variable  stream,  it  lies  now  a  mile  from  the  river's 
Ka^aty^mfles.  ©dg6-     Here  Cardenas  had  200  Indians  burned  at  the 

stake,  a  crime  for  which  he  was  thrown  into  prison 
when  he  returned  to  Spain.  Like  its  companion  villages  of  Puaray 
(at  Bernalillo)  and  Sandia,  Alameda  was  binned  by  the  Spaniards  at 
the  time  of  the  general  uprising  in  1680. 

To  the  east  there  are  fine  views  of  the  west  front  of  the  Sandia 
Mountains.  (See  PL  XIII,  A,  p.  75.)  Near  Albuquerque  it  may.  be 
seen  that  this  range  is  terminated  on  the  south  by  a  deep  gap, 
south  of  which  rises  another  range,  of  similar  structure,  known  as  the 
Manzano  Mountains. 

The  portion  of  Albuquerque  (ahl-boo-care'kay)  known  as  "old 
town,,  extends  along  the  river  bank  a  mile  to  the  west;  the  part 

near  the  railway  is  much  younger.  The  city  was 
Albuquerque.  founded  in  1701  by  Gov.  Pedro  Rodriguez  y  Cubero, 
Elevation  4,954  feet,     who  established  30  families  there  and  applied  to  it 

KmiMCity1  iwmiies.  ^e  name  °f  ^e  Duke  of  Alburquerque,   who  had 

been  vicsroy  of  New  Spain.  The  duke,  who  never 
came  to  America,  ordered  the  name  changed  to  San  Felipe  de 
Alburquerque  as  a  compliment  to  the  reigning  king.  In  the  course 
of  years  the  name  has  been  reduced  to  one  word  and  a  slight  change 
has  been  made  in  the  spelling.  Albuquerque  was  an  important 
center  in'  the  Spanish  and  Mexican  occupation,  and  Gen.  Phil. 
Sheridan  made  it  his  headquarters  until  1870.  It  is  now  the 
largest  city  in  New  Mexico  and  is  an  important  commercial  and 
industrial  center.  It  is  a  railway  division  point,  with  large  machine 
shops  and  a  plant  for  creosoting  railway  ties.  All  the  trains  stop 
for  half  ux  hour  or  longer,  close  to  the  large  Alvarado  Hotel,  named 
for  Hernando  de  Alvarado,  who  accompanied  Coronado  on  his 
journey  of  discovery  and  conquest.  In  one  part  of  this  beautiful 
building  i3  an  interesting  salesroom  of  Indian  goods,  which  is  a 
museum  of  Indian  arts.  The  entire  building  is  in  the  mission  style. 
Indians  from  Isleta  frequent  the  corridor  of  this  building,  offering 
pottery  and  other  products  of  their  handicraft  at  low  prices. 

In  the  eastern  part  of  the  city,  about  a  mile  from  the  station,  are 
the  State  University  buildings,  of  Pueblo  Indian  style,  and  in  the 
old  town  to  the  west  still  stands  the  mission  church  of  San  Felipe  de 
Neri,  built  in  1735. 

From  Albuquerque  an  important  branch  of  the  Santa  Fe  continues 
south  down  the  Rio  Grande  valley  to  El  Paso,  and  from  this  branch 
another  diverges  at  Rincon  to  Deming,  Silver  City,  and  Lake  Valley. 
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The  railway  was  built  through  to  Albuquerque  in  1880  and  the  1 
Deming  was  opened  in  the  spring  of  1881.     For  some  time  befo 
building  of  the  Atlantic  &  Pacific  Railroad,  now  the  western 
the  Santa  Fe  system,  this  line  by  way  of  Deming  and  thenc 
the  Southern  Pacific  was  the  principal  outlet  to  the  Pacific  co 

There  are  but  few  mines  in  the  vicinity  of  Albuquerque,  alt 
some  small  ones  are  worked  for  gold  and  other  metals  in  the  : 
tains  to  the  east.  Much  of  the  product  of  the  many  ranc 
brought  to  the  city,  and  the  wool  from  a  wide  area  is  received 
most  of  it  passing  through  a  scouring  plant  that  handles  7, 
pounds  a  year.  The  gross  annual  trade  in  sheep  in  the 
amounts  to  about  $10,000,000.  ■/ 

On  leaving  Albuquerque  the  tram  goes  nearly  due  south,  pAc>tnegu  u* 
Abajo  (see  sheet  14,  p.  98)  and  continuing  along  the  east  side 

Rio  Grande  valley  for  about  10  miles.     To  th 
Ab*J°-  is  a  mesa  of  moderate  height,  capped  by  a  thii 

Elevation  4,945  feet.      0f  iava  which  appears  to  have  flowed  from 

Kansas  City  020  mihs.  „  .   .r r     -  .  .  .. 

small  cones  rising  above  its  surface  some  di 
back  on  the  mesa  and  in  plain  view  from  the  trains.     This  la 
on  the  Santa  Fe  marl,  which  occupies  the  Rio  Grande  valley  t 
the  greater  part  of  central  New  Mexico.     The  railway  cro 
Rio  Grande l  10i  miles  from  Albuquerque  and  follows  the  west 
2  miles  to  Isleta. 
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1  This  etream  is  one  of  variable  volume; 
during  the  dry  season  it  dwindles  to  a 
few  small  shallow  channels  and  even  be- 
comes dry  at  the  surface  in  many  places, 
but  early  in  the  summer  and  sometimes 
at  intervals  later  it  carries  great  floods, 
which  usually  overflow  most  of  the  ad- 
joining lower  lands.  For  a  large  part  of 
the  year  the  flow  near  Albuquerque  aver- 
ages about  1,500  cubic  feet  a  second,  but 
in  some  years  the  average  flow  is  less  than 
500  cubic  feet  a  second .  At  times  of  flood 
the  volume  of  water  is  10,000  to  20,000 
cubic  feet  a  second  or  even  more.  It  is 
estimated  that  the  average  total  yearly 
flow  is  sufficient  to  cover  400,000  acres 
(625  square  miles)  to  a  depth  of  3  feet, 
which  is  the  amount  required  for  most 
irrigation  in  this  region. 

The  great  differences  in  flow  are  due  to 
the  variations  in  the  amount  of  rainfall  and 
in  some  degree  to  the  nature  of  die  coun- 
try drained  by  the  river.  The  greater 
part  of  the  surface  in  the  Rio  Grande 
basin  has  a  very  scanty  cover  of  vegeta- 


tion, so  that  but  little  of  the  rail 
absorbed  by  the  soil  or  passes 
ground;  therefore  it  runs  off  rapidl] 
draws  and  creeks  and  soon -reach* 
river.    Most  of  the  rainstorms, 
relatively  short,  are  violent,  and 
the  storm  area  is  large  a  vast  amoi 
water  is  carried  into  the  river. 

As  a  rule ,  most  of  the  water  of  river  1 
is  lost,  for  the  water  used  for  irrij 
taken  out  at  times  when  rivers  are 
ordinary  stage  of  flow,  and  no  pro1 
is  made  for  storing  the  floods.  Ial 
Rio  Grande  valley,  however,  this 
tion  is  soon  to  be  changed,  for  the  Ui 
States  Reclamation  Service  is  bui) 
a  storage  dam  near  Elephant  Butte, 
140  miles  below  Albuquerque.  The 
will  be  1,200  feet  long,  300  feet  high, 
215  feet  wide  at  the  base  and  will  conl 
600,000  cubic  yards  of  masonry.  It 
create  a  lake  41  miles  long,  extent 
nearly  to  San  Marcial  with  an  avei 
width  of  If  miles  and  a  capacity 
862,000,000,000    gallons,    or    more 
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Islet  a  consists  mainly  of  an  Indian  pueblo  built  on  the  bank  of  the 
river  a  short  distance  east  of  the  railway.     This  pueblo  may  be  seen 

best  from  points  a  short  distance  north  of  Isleta 
Isleta.  station.1     Isleta,  named  thus  by  the  Spaniards  on 

Elevation  4,896  feet,     account  of  its  location  on  an  islet  in  the  Rio  Grande, 

2£X«£h>.  was   di8C0vered  b7  Coronado  in   1540.    It  was   a 

Tiguex  village  but  has  had  accessions  of  Indians  from 
other  pueblos.  At  the  time  of  the  rebellion  of  1680  it  revolted, 
together  with  the  other  Tiguex  villages  of  the  Bernalillo  and  Santa 
Fe  region.  The  Spanish  governor  stormed  it  and  captured  over  500 
natives.  These  were  sent  as  captives  to  El  Paso  and  the  rest  of  the 
tribe  fled  for  refuge  to  the  Hopi  pueblos  in  Arizona.  Early  in  the 
eighteenth  century  the  pueblo  was  resettled  under  the  name  San 
Agustin  de  la  Isleta. 

From  Isleta,  on  the  Rio  Grande,  which  flows  into  the  Gulf  of 
Mexico,  the  railway  begins  its  long  journey  across  the  interesting 
plateau  country,  which,  with  its  bordering  areas,  extends  almost  to 
Colorado  River,  which  flows  into  the  Pacific.  This  vast  area  of  high, 
nearly  level  country  lies  between  the  rugged  and  generally  higher 
ranges  of  the  Rocky  Mountains  to  the  north  and  the  alternating 
short  ranges  and  deserts  of  the  lower  lying  north  end  of  the  Mexican 
plateau  country  to  the  south. 

This  is  a  land  of  interesting  landscapes,  rocks,  and  people.  In 
places  the  plains  and  cliffs  are  vividly  colored  by  natural  pigments  of 
red  and  vermilion.  The  rocks  of  the  plateau  are  surmounted  by  two 
large  volcanic  piles,  which  stand  far  above  the  general  level  of  the 
plain  and  which  were  master  volcanoes  in  but  comparatively  recent 
time — Mount  Taylor  on  the  east  and  the  San  Francisco  Mountains 
on  the  west.  From  the  immensely  thick,  almost  horizontal  sedi- 
mentary strata  that  compose  most  of  the  mass  of  this  plateau  layer 
after  layer  has  been  eroded  away  over  wide  areas,  leaving  remnants 
of  harder  strata  which  make  picturesque  cliffs  and  valleys  and  expos- 
ing fossil  forests  that  were  long  ago  buried  in  the  sediments  of  which 
these  strata  are  made.  Erosion  has  also  carved  many  canyons, 
notably  the  majestic  Grand  Canyon  of  the  Colorado. 


2,500,000  acre-feet.  This  basin  will  hold 
the  floods  of  the  Rio  Grande  and  conserve 
the  water  for  use  when  needed  for  irri- 
gation all  along  the  river  in  southern  New 
Mexico  and  Mexico.  Of  course  it  will  not 
prevent  floods  in  the  Albuquerque  region 
and  higher  in  the  valley,  but  it  will  save 
that  water  for  use  in  a  region  where  it  can 
be  utilized  advantageously  for  irrigation. 


In  January,  1915,  the  Elephant  Butte  dam 
was  said  to  be  about  two-thirds  built,  and  a 
large  volume  of  water  will  be  held  in  1915. 
1  This  station  is  at  milepost  915.  The 
numbering  of  the  mileposts  from  Atchison 
continues  south  from  Isleta  along  the  £1 
Paso  branch  line.  Mileposts  on  the  main 
line  west  of  Isleta  indicate  distance  from 
Albuquerque. 
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Here  and  there  in  the  rocky  cliffs  and  canyons  are  the  present  and 
former  communal  homes  of  aboriginal  peoples,  whose  arts  and  reli- 
gions ceremonials  partly  lift  the  veil  of  the  past  and  reveal  glimpses 
of  earlier  stages  of  human  culture.  These  vast  expanses  were  long 
ago  the  abode  of  aboriginal  tribes;  later  they  were  explored  and 
dominated  by  the  mounted  Spanish  conquistadores ;  and  finally  they 
have  been  made  accessible  to  all  by  the  comfortable  railway  of  to-day. 
The  plateau  country  and  its  approaches,  in  all  their  aspects — geologic, 
ethnologic,  and  historical — form  a  region  which  will  hold  the  atten- 
tion of  all  passers-by  in  whom  there  exists  a  spark  of  appreciation  of 
striking  natural  phenomena  and  significant  human  events. 

A  short  distance  beyond  Isleta  the  main  line  of  the  Santa  Fe  begins 
its  climb  out  of  the  valley  of  the  Rio  Grande,  ascending  by  a  rather 

steep  grade  to  the  mesa  which  lies  west  of  the  river 
Sandia.  g^     f^  crest  of  this  mesa  is  reached  at  Sandia 

Elevation  5,286  foet.     siding.1     In  the  cuts  on  this  ascent  there  are  many 

exposures  of  sands  and  loams  (Santa  Fe  marl)  which 
are  capped  by  sheets  of  lava  and  volcanic  cones  on  both  sides  of  the 
track.  The  railway  reaches  the  edge  of  the  lava  sheet  a  short  dis- 
tance beyond  milepost  16  and  passes  over  it  for  2  miles  or  more. 
There  is  a  group  of  volcanic  cones  2  miles  west  and  another  group  to 
the  northwest  of  milepost  21.  From  these  cones  small  flows  of  lava 
spread  over  areas  of  moderate  extent  at  a  time  not  very  remote 
geologically,  when  the  river  valley  was  about  200  feet  less  deep  than 
at  present. 

From  the  top  of  the  mesa  just  beyond  Sandia  siding  there  are 
extensive  views  in  every  direction.  About  15  miles  to  the  east  may 
be  seen  the  bold  western  front  of  the  Manzano  Range,  the  high  ridge 
which  constitutes  the  southern  extension  of  the  Sandia  Mountains  and 
which  is  of  similar  structure.  Far  to  the  south  is  a  prominent  peak 
known  as  the  Sierra  Ladrones  (lah-dro'nace,  Spanish  for  thieves),  con- 
sisting of  a  large  but  isolated  mass  of  pre-Cambrian  granite  overlain 
by  limestone  of  the  Magdalena  group.  To  the  west  is  a  wide  region  of 
high  plateaus,2  out  of  which  rises  a  very  prominent  peak,  known  as 


1  This  place  should  not  be  confounded 
with  the  ancient  pueblo  of  Sandia,  which 
lies  12  miles  north  of  Albuquerque. 

2  The  region  west  of  the  Rio  Grande, 
well  known  to  geologists  as  "  the  plateau 
country, "  is  a  province  which  differs  in 
its  geography  and  geologic  structure  from 
most  of  the  country  to  the  east.  The 
width  of  this  plateau  province  is  about 
450  miles,  its  western  margin  being  far  to 
the  west  in  Arizona.  The  predominant 
type  of  structure  is  widespread  tabular 
surfaces  or  plateaus  consisting  of  great 


sheets  of  the  various  sedimentary  rocks 
lying  nearly  horizontal  or  presenting  very 
wide  dip  slopes.  Most  of  these  plateaus 
extend  across  the  country  in  huge  steps 
with  steep  fronts  and  relatively  level  or 
smooth  tops.  The  harder  formations  con- 
stitute the  surface  of  the  plateaus;  the 
softer  beds  crop  out  in  the  slopes.  There 
are  many  mesas  or  portions  of  these  pla- 
teaus cut  apart  from  the  main  area  by 
erosion. 

The  rocks  are  sandstones,  limestones, 
and  shales  of  Cambrian  to  earlier  Tertiary 


THE   SANTA  FE  ROUTE. 


91 


Mount  Taylor,  1 1,389  feet  high.  It  will  be  seen  that  the  mesa  or  high 
plain  of  Santa  Fe  marl  extends  far  to  the  north  and  south,  partly 
filling  a  broad  basin  between  the  mountains.  Originally  its  surface 
was  a  continuous  plain,  but  the  Rio  Grande  has  cut  a  wide  valley 
for  itself  200  feet  or  more  deep  through  the  center  of  the  plain,  and 
now  the  river  flows  along  the  bottom  of  this  valley,  with  a  mesa  or 
plateau  of  the  "marls"  forming  cliffs  or  slopes  on  each  side. 

After  crossing  the  low  "divide  on  the  plateau  beyond  Sandia  sid- 
ing the  train  descends  by  a  tortuous  route  to  the  valley  of  the  Rio 
Puerco  (pwair'co,  Spanish  for  dirty).  On  the  way  it  passes  through 
many  cuts  in  the  Santa  Fe  marl  that  exhibit  the  characteristics  of 
the  deposits,  which  are  mostly  sands  and  loams,  in  some  places 
consolidated  into  loose  sandstones. 

The  Rio  Puerco  is  a  long  stream  draining  the  mesa  country  to  the 
northwest  and  emptying  into  the  Rio  Grande  some  distance  southeast 
of  the  crossing.  Its  valley  is  excavated  mostly  in  soft  beds  of  the 
Santa  Fe  marl  and  underlying  shales  (late  Cretaceous).  To  the  west 
is  the  Mesa  Lucera  (loo-say  'ra),  a  plateau  capped  by  a  thick  sheet  of 
lava  (basalt)  lying  on  sandstones  and  shales.  These  strata  dip 
steeply  eastward  in  a  low  line  of  foothills  extending  along  the  east 
side  of  the  mesa,  but  they  are  nearly  level  under  the  lava  cap. 

A  short  distance  south  of  Rio  Puerco  station  there  are  several 
small  knobs  of  volcanic  rock  rising  above  the  wide  valley  bottom. 

West  of  Rio  Puerco  siding  the  old  main  line  is  paral- 
Rlo  Puerco.  leled  for  a  few  miles  by  a  new  track  diverging  to  the 

Elevation  5,049  feet.     left  for  the  westbound  traffic  and  rejoining  the  old 

"  line  a  short  distance  beyond  South  Garcia  (gar-see'ah) 
siding.  From  Rio  Puerco  to  the  Continental  Divide,  a  distance  of 
nearly  100  miles,  the  railroad  ascends  the  valley  of  the  San  Jose 
(ho-say')*  which  empties  into  the  Rio  Puerco  at  Rio  Puerco  station. 


age,  capped  on  some  of  the  plateaus  and 
mesas  by  thick  sheets  of  lava.  At  many 
places  high  cones  or  necks  of  older  vol- 
canic rocks  rise  above  the  platforms,  and 
widely  scattered  cinder  cones  mark  the 
orifices  of  later  eruptions.  The  province 
is  markedly  different  in  physiographic 
and  structural  characters  from  the  Bocky 
Mountain  country  on  the  east  and  the 
region  of  deserts  and  long  rugged  ridges  on 
the  west. 

This  section  of  the  country  is  one  of 
great  interest  to  the  student  of  geology, 
for  most  of  its  relations  are  clearly  ex- 
hibited, and  therefore  it  presents  more 
striking  illustrations  of  geologic  features 
than  the  adjoining  provinces.    It  extends 


far  to  the  north  of  the  railway  in  New 
Mexico,  Arizona,  and  Utah,  and  for  some 
distance  to  the  south  through  central  New 
Mexico.  It  is  a  region  in  which  the  beds 
constituting  the  earth's  crust  have  been 
uplifted  or  depressed  in  broad  waves  and 
in  places  dislocated  by  faults  or  breaks, 
along  which  great  blocks  have  moved 
bodily  up  or  down  on  one  side  in  rela- 
tion to  those  on  the  other  side.  -These 
peculiar  structural  conditions,  due  to  a 
special  kind  of  stresses  in  the  earth's 
crust,  are  here  localized  in  a  zone  of  rela- 
tively great  extent,  surrounded  by  regions 
in  which  there  is  much  more  intense 
tilting  and  breaking  of  the  strata  by  folds 
and  faults. 
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Near  milepost  39  is  the  termination  of  a  narrow  flow  of  lava,  which 
appears  to  extend  continuously  from  a  source  far  up  the  valley.  It 
widens  in  some  places  and  narrows  in  others,  and  at  intervals  is  covered 
in  whole  or  in  part  by  the  alluvium  or  wash  laid  down  by  the  stream. 

Suwanee  station  is  on  this  lava  sheet.     A  short  distance  to  the 

southeast  is  a  small  mesa  in  which  an  older  lava  sheet 
Suwanee.  caps  ^ug  gandgtone  (Dakota),  shales  (Morrison?),  and 

Elevation  5,4«fwt.     underlying  gray  and  red  massive  sandstones  (Zuni). 

Farther  south  is  the  precipitous  edge  of  the  lava  sheet 
capping  the  high  north  end  of  the  Mesa  Lucera.1 

A  fault  of  considerable  magnitude  is  crossed  a  short  distance  west 
of  Suwanee  station  and  extends  far  north  along  the  eastern  mar- 
gin of  the  high  plateau  known  as  Mesa  Gigante  (he-gahn'tay, 
Spanish  for  gigantic).  This  fault  is  a  vertical  break  in  the  earth's 
crust  along  which  the  region  to  the  west  has  been  uplifted  several 


w. 


Mesa  Gigante 
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Mi'nor  faults 


Figure  17.— Section  north  of  Suwanee,  N.  Mex.,  looking  north,  showing  relations  of  faults,  a,  Dakota 
and  overlying  sandstones  and  shales;  b,  shale  probably  equivalent  to  the  Morrison  formation;  c,  bun* 
massive  sandstone;  d,  red  sandstone;  c,  gypsum  on  thin-bedded  limestone;  /,  massive  pink  sand- 
stone (Wingate);  g,  red  shales  and  sandstones. 

hundred  feet,  bringing  into  view  a  thick  mass  of  red  beds.     The 
relations  are  as  shown  in  figure  17. 

Where  crossed  by  the  railway  this  fault  is  covered  by  lava  because 
the  lava  occupies  a  valley  that  was  excavated  long  after  the  earth 
movement  had  taken  place.  North  of  the  railway  and  west  of  the 
fault  rises  the  Mesa  Gigante,  which  is  capped  by  massive  gray  to  buff 
sandstones  (Dakota  and  overlying  Cretaceous).  Below  the  sand- 
stone cliffs  are  banks  of  shale  or  clay,  in  greater  part  of  pale-greenish 
tint  (probably  equivalent  to  the  Morrison  formation),  descending  to 
long  slopes  and  extensive  cliffs  of  red  sandstones  and  shales.  These 
red  cliffs  are  very  conspicuous,  notably  from  points  near  Armijo 
(ar-me/ho)  siding  and  for  some  distance  westward. 


1 A  mile  north  of  Suwanee  on  the  north 
side  of  the  valley  is  a  long  ridge  of  mod- 
erate height  capped  by  buff  sandstones 
(Dakota)  surmounting  slopes  of  light 
greenish-gray  clays  probably  equivalent 
to  the  Morrison  formation.  These  clays 
are  in  turn  underlain  by  a  thick  layer  of 


massive  buff  sandstone,  and  in  the  bottom 
of  the  valley,  not  in  view  from  the  train, 
the  top  of  a  50-foot  bed  of  the  underlying 
gypsum  is  exposed  in  a  small  area.  Smal  1 
faults  which  extend  northward  into  the 
ridge  at  this  place  cut  off  the  gypsum  on 
the  east  and  west. 
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Three  miles  west  of  Suwanee  there  is  an  extinct  hot  spring  or 
geyser  cone  not  far  south  of  the  tracks.  (See  PL  XIII,  B,  p.  75.) 
It  contains  a  shallow  crater  30  feet  in  diameter  with  walls  of  a  hot- 
spring  deposit,  which  also  constitutes  the  low  cone  in  which  it  is  situ- 
ated. The  form  of  the  bowl  and  cone  indicates  that  at  a  time  not 
very  remote  there  was  at  this  place  a  hot  spring,  or  possibly  a  geyser, 
similar  to  those  now  active  in  the  Yellowstone  Park.  South  of 
Armijo  siding  a  large  valley  from  the  south  enters  that  of  the  San 
Jose.  About  10  miles  up  this  valley  is  a  large  recent  volcanic  cone, 
Cerro  Verde  (vair'day),  and  its  lava  flow  appears  to  extend  down  to 
the  San  Jose  Valley. 
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Fioum  18.— Sections  showing  relations  of  gypsum  bed  at  Rlto  and  near  Rosario,  N.  Max. 

At  Rito  (ree'to)  the  railway  passes  a  small  pueblo  (El  Rito)  of 
Laguna  Indians,  built  on  a  low  lava-capped  plateau  a  short  distance 

south  of  the  railway.     There  are  now  only  a  few 
Indians  at  this  place,  as  those  living  higher  up  the 

S^a6,W4  f^n     va^ey  cu^  °ff  ^e  water  during  the  irrigating  season. 

'  These  Indians  subsist  by  raising  sheep  and  goats  and 
cultivating  small  crops. 

South  of  Rito  there  is  a  high  mesa  of  red  and  buff  sandstone  (Zuni) 
extending  far  to  the  south.  To  the  north  is  a  high  cliff  capped  by 
bright-red  sandstones,  at  the  base  of  which  is  the  outcrop  of  a  great 
deposit  of  pure-white  gypsum,  50  feet  or  more  thick.  As  shown  in 
Plate  XIV,  B  (p.  96),  it  extends  along  the  north  side  of  the  track 
for  some  distance.  It  is  one  of  the  most  prominent  exposures  of 
gypsum  known,  rivaling  the  one  east  of  Rosario  station  (see  p.  82) 
and  apparently  of  the  same  age.  Figure  18  is  introduced  to  show 
the  succession  of  rocks  in  which  the  gypsum  occurs  at  both  places. 
This  bed  of  gypsum  crops  out  at  several  points  in  the  region  between 
Rosario  and  Rito  with  the  same  relations  to  adjoining  rocks,  so  that 
there  is  no  doubt  as  to  its  continuity.  It  is  the  same  deposit  which 
is  exposed  north  of  Suwanee,  as  shown  in  figure  17.     It  has  been 

07579°— Bull.  613—16 7 


94 


GUIDEBOOK  OF  THE  WESTERN   UNITED  STATES. 


removed  by  erosion  over  wide  areas  where  the  rocks  are  uplifted, 
but,  on  the  other  hand,  it  underlies  a  district  of  great  extent  in 
which  it  has  not  been  sufficiently  uplifted  to  be  subjected  to  erosion.1 

West  of  Rito  the  San  Jose  Valley  narrows  considerably  and  the 
railway  follows  its  very  crooked  course  to  Quirk  siding.  In  this 
interval  there  are  numerous  exposures  of  the  edge  of  the  lava  flow 
which  ran  down  the  San  Jose  Valley  to  and  beyond  Suwanee.  Most 
of  the  lava  is  south  of  the  railway  in  this  vicinity;  on  the  north  side 
are  bluffs  of  the  buff  Zuni  sandstone  above  referred  to.  This  sand- 
stone is  also  exposed  in  deep  railway  cuts  west  of  Quirk,  where  it  is 
overlain  by  light-colored  shales  and  clays  that  extend  up  to  a  thick 
succession  of  sandstones  (Dakota  and  higher).  In  the  high  mesas  a 
mile  or  two  north  of  the  railway  these  sandstones  are  capped  by  a 
sheet  of  older  lava  (basalt). 

Laguna  station  is  nearly  a  mile  north  of  the  Indian  pueblo  of 

Laguna,  through  which  the  railway  passed  prior  to  a 
Laguna.  recent  change  of  course  to  diminish  distance  and 

Elevation  5,797  feet,  grade.  This  pueblo  is  one  of  the  most  interesting  and 
KM^aty J»?miies.  accessible  along  the  Santa  Fe  Railway  and  is  visited 

by  many  tourists,  who  find  accommodations,  if  neces- 
sary, at  the  houses  of  some  of  the  American  residents  of  the  small 
settlements  adjoining  the  pueblo. 

The  Indians  at  this  place  are  a  branch  of  the  Keresan  tribe,  to 
which  the  Acoma  Indians  also  belong,  but  according  to  their  own 


1  The  origin  of  gypsum  deposits  of  this 
character  is  a  problem  of  considerable  in- 
terest, for  the  precise  conditions  of  depo- 
sition aro  not  known.  It  is  believed  that 
the  gypsum  was  deposited  during  the 
evaporation  of  an  inland  sea  that  prob- 
ably occupied  a  region  of  considerable 
extent  in  the  central  United  States  dur- 
ing later  Carboniferous  and  early  Meso- 
zoic  time.  The  thickness  of  the  deposit 
together  with  its  freedom  from  admixture 
with  the  sand  and  clays  which  constitute 
the  rocks  overlying  and  underlying  it  is 
remarkable,  doubtless  indicating  that  the 
area  of  deposition  was  remote  from  streams 
that  could  bring  mud  and  sand  into  the 
sea.  For  this  reason  it  is  believed  that 
the  deposit  was  laid  down  at  a  time  of 
scanty  rainfall,  when  the  waters  of  the 
sea  were  evaporating  rapidly.  Waters  of 
this  kind  were  also  very  salty,  but  in  the 
course  of  their  evaporation  the  gypsum 
was  first  deposited  and  the  salt  later,  as 
the  drying  up  continued.    However,  no 


salt  deposits  have  been  discovered  in 
connection  with  the  gypsum  in  this  por- 
tion of  New  Mexico.  Very  salty  waters 
emerge  from  some  of  the  lower  strata  of 
the  underlying  red  beds  at  various  points, 
indicating  that  deposition  of  salt  went  on 
during  part  of  the  general  period,  but 
most  of  this  salt  is  in  rocks  that  were  laid 
down  prior  to  the  thick  deposit  of  gypsum 
which  is  so  conspicuous  at  Rito,  Rosario, 
and  other  places. 

The  red  sandstones  overlying  the  gyp- 
sum at  Rito,  together  with  a  thick  body 
of  overlying  buff  sandstone,  probably  rep- 
resents the  lower  part  of  the  Zuni  sand- 
stones. This  buff,  massive  sandstone  is 
conspicuous  in  the  bluffs  north  and  north- 
east of  Suwanee  (see  fig.  17),  as  well  as  in 
extensive  railway  and  stream  cuts  along 
the  valley  west  of  Rito,  notably  near 
Laguna  station  and  for  some  distance 
west.  The  red  sandstone  becomes  very 
thin  northeast  of  Suwanee  and  it  also  thins 
toward  the  south. 
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tradition  they  are  of  mixed  stock  from  the  older  pueblos.  Their  town 
is  a  relatively  new  settlement,  dating  back  to  about  1697,  when  it 
was  established  with  the  name  San  Jose  de  la  Laguna,  by  Gov.  Cubero. 
The  village  is  built  on  ledges  of  buff  sandstone  on  the  north  bank  of 
San  Jose  River,  which  the  Indians  at  that  time  called  the  Cubero. 
This  stream  affords  water  for  domestic  use  as  well  as  for  the  irriga- 
tion of  small  areas  of  various  kinds  of  crops  on  which  the  natives 
subsist.  The  Indians  had  a  Spanish  grant  of  over  a  quarter  of  a 
million  acres,  most  of  which,  however,  was  desert  land.  Around 
their  principal  pueblo,  Laguna,  they  had  many  small  villages,  in 
which  they  lived  during  the  summer.  Of  late  years  they  have  occu- 
pied some  of  these  villages  (Paquate,  Negra,  Encino,  and  Casa  Blanca) 
permanently.     About  1,800  Indians  live  in  or  near  Laguna. 

On  both  sides  of  the  valley  of  San  Jose  River  at  Laguna,  and  along 
the  branch  canyons  from  the  north  and  south,  are  high  mesas  with 
cliffs  of  sandstone.  The  beds  lie  nearly  horizontal.  The  mesas  are 
capped  by  gray  to  buff  sandstones  (Dakota  and  younger),  while  the 
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Figusk  19.— Sketch  section  through  Aooma,  N.  Mex.,  looking  south. 

lower  cliffs  are  of  massive  buff  Zuni  sandstone.  In  the  intermediate 
slopes  there  are  extensive  exposures  of  the  pale  greenish-gray  clays, 
as  in  other  sections  east,  which  extend  along  the  sides  of  the  valley 
for  some  distance  west  beyond  Cubero  (koo-bay'ro)  siding. 

A  short  distance  southwest  of  Laguna  there  comes  in  from  the 
south  a  large  valley,  which  heads  in  the  vicinity  of  Acoma,  one  of 
the  most  remarkable  Indian  pueblos  in  the  Southwest.  As  shown 
in  Plate  XV  (p.  97),  this  place  is  built  on  top  of  a  high,  isolated  mesa 
with  precipitous  walls  of  gray  sandstone  (see  fig.  19)  and  has  been 
an  object  of  great  interest  to  travelers  ever  since  the  first  visit  of 
Coronado.  It  is  notable  as  the  oldest  continuously  inhabited  settle- 
ment in  the  United  States.  Unlike  most  of  the  other  pueblo  villages, 
Acoma  is  recorded  in  the  early  chronicles  as  the  home  of  a  people 
feared  by  the  residents  of  the  whole  country  around  as  robbers  and 
warriors.  Its  location  upon  a  precipitous  white  rock  (Akome, 
"people  of  the  white  rock")  rendered  it  well-nigh  impregnable  to 
native  enemies  as  well  as  to  Spanish  conquerors,  for  the  only  means 
of  approaching  it  was  by  climbing  up  an  easily  guarded  cleft  in  the 
rock.  However,  one  of  the  Spanish  expeditions,  with  70  men,  suc- 
ceeded in  killing  1,500  of  these  Indians — half  their  total  number — 
in  a  three-day  battle  in  1599.     The  entrance  and  stairway  in  use 
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now  are  the  same  that  were  described  by  Alvarado  on  his  visit  with 
Coronado's  expedition  in  1540.  The  height  of  the  mesa  is  350  feet. 
The  Acoma  people  are  expert  makers  of  pottery,  as  are  also  the 
Laguna  Indians. 

A  short  distance  north  of  Acoma  is  the  famous  Mesa  Encantada 
(enchanted  mesa),  shown  in  Plate  XIV,  A,  on  which  was  located, 
according  to  the  tradition  of  the  Acomas,  their  prehistoric  village  of 
Katzimo. 

Acoma  is  easily  reached  from  Laguna  by  a  drive  of  18  miles,  for 
which  a  team  and  Indian  driver  can  usually  be  obtained  at  Laguna. 
It  will  be  found  that  the  Indians  of  Acoma  are  rather  indifferent  to 
the  desire  of  the  tourist  to  see  the  sights  of  the  place  unless  some 
remuneration  is  offered.  The  large  church,  built  mainly  of  slabs  of 
rock,  is  still  in  excellent  condition,  although  it  was  built  about  1699. 
The  New  Mexico  building  at  the  Panama-California  Exposition  at 
San  Diego  is  patterned  after  this  church,  with  the  portico  modified 
after  the  church  at  Cochiti.    The  population  in  1902  was  566. 

West  from  Laguna  the  railway  continues  to  ascend  the  valley  of 
the  San  Jose.  This  stream  for  part  of  the  year  furnishes  water  for  a 
small  amount  of  irrigation,  mostly  by  the  Indians  of  the  Acoma 
tribe,  who  maintain  summer  villages  at  different  places. 

At  Cubero,  now  a  small  Mexican  village,  there  was  formerly  a 
pueblo  of  San  Felipe  Indians,  who  now  live  near  Santo  Domingo. 

The  name  Cubero  is  that  of  the  Spanish  governor 
Cubero.  in  office  at  the  end  of  the  seventeenth  century.     The 

Elevation  5,929  feet,  real  town  of  Cubero,  a  Mexican  settlement,  is  8  miles 
Ka^nty^mfles.  *°  *he  northeast.     There  are  many  Penitentes   in 

these  villages.  About  2  miles  beyond  Cubero,  near 
milepost  74,  there  is  a  view  up  the  valley  in  which  the  pueblo  of 
Acoma  and  the  Mesa  Encantada  are  situated,  about  10  miles  to 
the  south  in  an  air  line.  On  both  sides  of  the  San  Jose  Valley  are 
high  walls  of  the  Dakota  and  Mancos  sandstones,  which  lie  nearly 
horizontal,  so  that  the  railway  rises  to  higher  and  higher  beds  as  it 
ascends  the  valley. 

Near  milepost  77,  5  miles  west  of  Cubero  siding,  there  is  to  the 
north  a  fine  view  of  Mount  Taylor,  a  huge  cone  standing  on  a  high 
plateau  of  sandstone  and  lava.  It  was  named  for  President  Zachary 
Taylor,  but  this  name  has  not  entirely  displaced  the  local  name, 
Sierra  San  Mateo.  This  mountain  is  an  isolated  mass  consisting 
largely  of  gray  lava  (andesite)  and  represents  an  eruption  of  con- 
siderable antiquity,  much  older  than  the  sheets  of  black  lava  (basalt) 
which  cap  the  plateaus  or  mesas  along  the  north  side  of  the  valley. 
Since  these  early  lava  outflows  the  valleys  have  been  cut  to  their 
present  depths  of  1,500  to  2,000  feet  and  a  considerable  area  of  the 
plateaus  has  also  been  removed,   as  shown  in  figure  20.     Mount 
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Taylor  is  held  in  great  veneration  by  the  Pueblo  Indians,  who  call 
it  the  "  mother  of  the  rain."  In  the  spring  a  party  of  them  usually 
goes  to  its  top  for  sacred  dances  to  invoke  the  rain  god  for  a  plentiful 
harvest. 

A  short  distance  south  of  the  track  near  milepost  77  is  the  small 
pueblo  of  Acomita,  which  belongs  to  the  Acoma  Indians  and  serves 
as  a  home  for  about  200  of  them  during  the  summer  when  they  are 
cultivating  the  fields  in  the  bottom  of  the  valley.  There  is  a  United 
States  Indian  school  here  and  a  good  road  southward  to  Acoma. 

Mount  Taylor  is  again  visible  from  Alaska  siding  and  west  from 
that  place  for  a  mile  or  two.  The  platform  from  which  it  rises  is  cov- 
ered by  a  sheet  of  black  lava  (basalt)  capping  cliffs 
Alaska.  an(j  \ong  slopes  of  the  later  Cretaceous  sandstones. 

EiOTatum  6,041  feet.     par  ^0  ^he  south  rise  extensive  high  plateaus  occupy- 

Kansas  City  999  miles.  .  _  -    . 

mg  the  region  west  of  Acoma. 
Halfway  between  mileposts  80  and  81,  the  lava  sheet  in  the  bottom 
of  the  valley  is  plainly  visible.     The  lava  flowed  out  of  vents  in  the 

Mt.Tayfop  c  •§ 


Figure  30.— Sketch  section  showing  relations  of  lava  sheets  near  Mount  Taylor,  N.  Hex.  a,  6,  c,  d 
Four  successive  lava  flows  later  than  flow  in  Mount  Taylor;  e-e,  former  surface  of  plateau  before 
valley  of  San  Jose  River  was  excavated. 

region  to  the  west  at  a  time  much  later  than  that  of  the  eruption  of 

the  lava  sheet  which  caps  the  mesa  that  extends  along  the  north  side 

of  the  valley  from  Laguna  westward.     At  milepost  81  there  is  an 

exceptionally  good  view  of  Mount  Taylor. 

McCartys  is  a  trading  center  for  ranches  and  the  Indians  in  the  San 

Jose  Valley  and  adjoining  region.     At  Acoma  siding 
McCartys.  ^  gheet  ^  p     1Q4^  ^  ^^  wegt  of  McCartys, 

Kansuaty Looamkes.  there  is  an  Indian  village  of  moderate  size  on  the 

south  side  of  the  valley,  used  as  a  summer  home  by 
some  of  the  Acoma  Indians. 

In  the  bottom  of  the  valley,  a  short  distance  beyond  Acoma  siding, 
is  the  termination  of  a  lava  flow  that  is  evidently  more  recent  than 
the  lava  that  occupies  the  valley  farther  east.  The  railway  extends 
along  its  northern  margin  for  several  miles,  affording  excellent  views 
of  the  rocks  which  present  features  characteristic  of  recent  flows 
from  some  of  the  great  volcanoes  in  various  parts  of  the  earth.  The 
sheet  is  narrow,  for  the  sandstone  walls  of  the  canyon  are  not  far  apart 
in  this  region.     The  surface  of  the  lava  is  exceedingly  rough,  parts  of  it 
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Horace. 


having  been  shattered  into  large  fragments  by  the  flow  movenu 
and  other  parts  consisting  of  great  blisters,  mostly  broken  and  sho^ 
ing  caverns  underneath.  Much  of  the  smoother  surface  of  the  li 
is  black  and  ropy,  very  similar  to  slag  from  a  blast  furnace.  Tin 
is  but  little  vegetation  oyer  its  surface,  and  all  its  features  indi< 
that  it  is  a  relatively  very  recent  flow.  Some  of  the  Pueblo  Indii 
of  the  region  have  a  legend,  handed  down  for  several  generations, 
a  river  of  fire  in  San  Jose  Valley,  and  it  seems  not  unlikely  that 
forefathers  of  these  people  witnessed  this  outflow.  It  is  said  that 
lava  has  flowed  around  the  corner  of  an  old  stone  wall  at  one  po| 
above  McCartys,  but  on  inspection  of  this  wall  it  appears  more 
that  the  wall  was  built  into  an  angular  jog  in  the  margin  of  the  sh< 
This  lava  flow  extends  20  miles  up  the  valley,  and  except  tot  a  sin 
distance  near  milepost  89  the  railway  is  close  to  its  northern  et 
As  the  valley  widens  beyond  Horace  the  lava  sheet  spreads  out  to 
south,  and  probably  it  came  from  cones  which  are  visible  in 
direction. 

Near  milepost  90  the  beds  of  rock  in  the  canyon  walls  begin  to 
gradually  toward  the  west,  and  the  Dakota  sandstone  and  un< 

lying  beds,  including  the  massive  gray  sandstone 
near  Laguna  and  Acoma,  appear  again.    These  r< 
Elevation  6,321  feet,     extend  along  the  base  of  the  cliffs  far  to  the  north 

Kansas  City  1,012  miles.  ^°  .  . 

south  of  the  railway.     The  me  of  the  beds  contini 
past  Horace  siding  for  li  miles  to  milepost  92,  where  a  sandsl 
butte  north  of  the  track  shows  the  beds  dipping  eastward  at 
between  5°  and  10°. 

Just  north  of  Horace  the  sandstone  mesa  north  of  the  track  is 
or  400  feet  high  and  capped  by  a  thick  sheet  of  older  lava  (basi 
which  extends  for  a  considerable  distance  east  and  west.    This  m< 
finally  bears  off  to  the  northwest  as  the  valley  widens,  and  a  coi 
sponding  cliff  extends  south.     Four  miles  west  of  Horace  the  vi 
is  several  miles  wide  and  the  greater  part  of  its  bottom  is  occupied 
the  very  recent  lava  flow  mentioned  above. 

Grant  is  a  local  center  for  ranch  and  stock  interests  in  the  adjoii 
region.    Just  north  of  Grant  is  a  lava-capped  mesa  which  contini 

about  5  miles  west,  gradually  bearing  off  to  the  noi 
In  places  the  edge  of  the  lava  shows  columnar  sti 
Elevation  6,464  feet.     ((Ure#    South  of  the  track  there  are  good  exposures 

KansasCity  l^nmfles.  .  1.1  *j*  i.        • 

the  recent  lava  sheet  above  referred  to,  shoi 
large  amount  of  very  rough  surface  with  great  broken  blister  crs 
and  much  ropy  lava. 

A  few  miles  west  of  Grant  the  Zuni  (zoon'ye)  Mountains  are  in  sij 
to  the  west.     These  mountains  are  the  result  of  an  extensive  doi 
shaped  uplift  of  the  earth's  crust.     In  its  higher  central  part,  fr< 
which  the  sedimentary  rocks  have  been  removed,  the  old  granites 
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schists  appear,  constituting  a  group  of  high  summits  of  considerable 
prominence.  One  of  these,  Mount  Sedgwick,  has  an  altitude  of  9,200 
feet.  The  Zuni  Mountains  extend  westward  along  the  south  side  of 
the  San  Jose  Valley  and  across  the  Continental  Divide  nearly  to 
Gallup,  the  railway  deflecting  its  course  somewhat  to  the  northwest 
to  pass  around  their  foothills.  Many  features  of  the  limestone  ridge 
on  the  northeast  slope  of  this  uplift  are  visible  between  Grant  and 
Bluewater  stations,  including  some  deep  canyons  rimmed  with  high 
cliffs  of  the  white  limestone  and  sandstone  of  later  Carboniferous  age. 
The  northeastward  dip  is  plainly  perceptible,  and  the  rough,  craggy 
ridges  of  granite  of  the  interior  of  the  uplift  may  be  discerned,  culmi- 
nating in  Mount  Sedgwick. 

Northeast  of  the  railway  a  wide  valley  extends  to  the  foot  of  low 
cliffs  of  red  sandstones  and  gray  sandstones  (Dakota),  with  formations 
of  later  Cretaceous  age  farther  back  From  a  point  near  Bluewater 
station  there  are  fine  view3  of  the  west  side  of  Mount  Taylor  to  the 
east,  showing  the  high  lava-capped  plateau  on  which  this  mountain 
stands. 

South  of  Bluewater  is  a  Mormon  settlement  using  water  from  Blue- 
water  Canyon  to  irrigate  fruits,  alfalfa,  and  vegetables.     Three  miles 

north  by  east  of  Bluewater  station  there  rises  on  the 
Bluewater.  valley  slope  a  round  black  cone  of  moderate  elevation, 

p1WSl,tto,e34ieeL  'mown  M  El  Tintero  (tin-tay'ro,  Spanish  for  ink  pot), 
Kanaasctty  1,028  miles,  from  the  deep  hole  or  crater  in  its  top.     It  is  shown 

in  Plate  XVI,  B  (p.  100).  The  lava  flow  flooring  San 
Jose  Valley  at  Horace  and  Grant  extends  to  this  cone,  which  perhaps 
marks  a  source  of  the  outflow.  El  Tintero  is  plainly  in  view  to  the 
north  of  the  track  for  several  miles,  or  nearly  to  milepost  110,  where 
the  lava  ceases  and  is  succeeded  by  red  and  gray  shale  of  Triassic  age. 
The  shale  represents  some  of  the  red  shales  and  sandstones  which 
overlie  the  massive  sandstone  of  the  midde  of  the  red  beds  in  the 
Glorieta  region,  between  Las  Vegas  and  Lamy. 

A  short  distance  southeast  of  the  railway  low  knobs  mark  the  out- 
crop of  sandstone  (Shinarump  ?)  underlying  this  shale,  and  a  short 
distance  farther  south  still  lower  limestones,  of  Carboniferous  age, 
rise  gradually  on  the  northeast  slope  of  the  Zuni  uplift. 

From  milepost  110  to  the  Continental  Divide  at  Gonzales  and 
thence  down  the  west  slope  for  20  miles  farther  the  railway  is  built 
through  a  broad  valley  underlain  by  the  soft  red  and  gray  shale  above 
mentioned.  This  valley  extends  northward  for  2  or  3  miles  to  the 
foot  of  walls  of  bright-red  sandstones  (Wingate),  mostly  300  to  400 
feet  high,  capped  by  lighter-colored  sandstones  (the  Zuni  and  Dakota) 
which  rise  as  great  steps  to  a  ridge  of  considerable  prominence  ex- 
tending continuously  across  the  Continental  Divide.  This  red  wall 
is  recessed  by  numerous  small  canyons,  and  some  of  the  intervening 
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buttresses  are  carved  into  a  great  variety  of  massive  forms.  These 
very  conspicuous  and  beautiful  features  continue  in  sight  for  a  long 
distance  along  the  north  slope  of  the  Zuni  uplift. 

The  strata  appear  to  be  horizontal,  but  they  dip  at  low  angle  to 
the  northeast  or  at  right  angles  to  the  line  of  the  railway. 

Figure  21,  a  section  near  the  Continental  Divide,  shows  the  succes- 
sion of  beds  on  the  slopes  of  the  Zuni  Mountains  south  of  the  railway 
and  in  the  walls  of  red  sandstone  and  overlying  rocks  to  the  north. 

In  the  region  about  Thoreau  the  principal  industry  is  the  raising  of 
sheep,  goats,  and  cattle.     Many  Navajo  Indians,  engaged  mainly  in 

goat  raising,  live  in  the  country  to  the  north.  This 
Thoreau.  is  the  place  from  which  the  extensive  prehistoric  ruins 

Elevation  7,135  feet.  0f  Chaco  Canyon,  50  miles  to  the  north,  are  reached. 
Kmaas  city  1,047  miles.  One  of  these  ruins,  now  called  Pueblo  Bonito,  was  a 

house  of  about  1,000  rooms.  At  Thoreau  and  for  the 
next  few  miles  beyond  there  are  especially  fine  views  of  the  great  cliffs 
of  red  Wingate  sandstone  to  the  north. 


Dakota  sandstonej 
"Snal*; 


Vertical  scale 
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Gonzales. 


FiouitE  21.— Section  from  the  Zuni  Monntains  northward  across  the  Santa  Fe  Railway  near  Thoreau, 

N.  Mex.,  looking  northwest. 

The  climb  up  to  the  Continental  Divide  is  made  on  a  very  moderate 
grade,  about  21  feet  to  the  mile.     There  is  no  mountain  top  to  be 

attained,  for  the  divide  is  in  a  broad  east-west  depres- 
sion known  as  Campbells  Pass.    The  summit,  which 

Stt^atyi^i'mnM.^3  reac^ed  at  Gonzales  siding,  half  way  between  mile- 
posts  130  and  131,  is  at  an  altitude  of  7,250  feet,  or 
358  feet  lower  than  Raton  Pass.  A  large  sign  erected  just  north  of 
the  track  states  that  the  Continental  Divide  is  crossed  at  this  place. 
This  divide,  which  crosses  the  Zuni  Mountains  to  the  south  and  passes 
over  the  high  cliffs  to  the  north,  separates  the  waters  of  San  Jose 
River  and  the  Rio  Puerco,  affluents  of  the  Rio  Grande,  from  those  of 
the  Rio  Puerco  (of  the  West),  a  branch  of  the  Little  Colorado,  which 
flows  into  the  Colorado  and  so  empties  into  the  Pacific  Ocean. 

West  of  Gonzales  there  are  two  lines  as  far  as  Perea;  the  west- 
bound trains  take  the  left-hand  track  and  pass  through  South  Guam 
siding,  halfway  between  mileposts  136  and  137.  In  this  vicinity  the 
great  red  wall  to  the  north  is  a  prominent  feature,  and  to  the  south 
rise  the  long  slopes  of  sandstone  and  limestone  leading  up  to  the 


K  AND  BED  CLIFF  OF  WINGATE  SANDSTONE  NORTH  OF  ZUNI  SIDING,  A 
MILES  EAST  OF  GALLUP,  N.  MEX. 


B.     ELTINTERO.   A  VOLCANIC  CONE  WITH  A  CRATER   IN 
OF  BLUE  WATER  STATION,   f 
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wooded  summit  of  the  Zuni  Mountains.  AferaaH.  fidge,  constituting 
a  foothill  to  these  mountains  is  due  to  the  outcrog  of  .tfce  bed  of  coarse 
Shinarump  sandstone  which  lies  beneath  the  shaWaf.fcfte  wide  valley 
followed  by  the  railway.  *• •"    /" 

The  wall  of  red  Wingate  sandstone  2  miles  north  of  Pertoa  a(£rng  is 
broken  into  numerous  massive  buttresses,  which  rise  to  a  higV&helf 
of  moderate  width  extending  back  to  still  higher  steps  of  lighter-.' 
colored  sandstones  and  shale  (the  Zuni),  capped  by  the  Dakota  sand- 
stone far  in  the  background.  These  features  continue  in  view  to 
Wingate  station. 

Wingate  is  the  station  for  old  Fort  Wingate,  which  is  3  miles  due 
south  of  it.     Until  recently  this  fort  was  sustained  by  the  Govern- 
ment as  a  military  depot,  with  several  regiments 
Wingate.  ready  for  active  duty.     During  part  of  1914  the  old 

Election  6,743  feet,     buildings  were  used  for  housing  the  4,000  Mexican 

Kansas  City  1,067  miles.  „  P  ,    .     .  ...     °    ,  ' 

r  ederal  troops  and  their  families  who  were  forced  into 
Texas  at  Eagle  Pass.  These  people  were  employed  in  working  roads 
in  the  vicinity. 

The  traveler  is  here  well  within  the  land  of  the  Navajo  (nav'arho) 
Indians,  now  peaceful  blanket  makers,  herders,  and  farmers,  but  for 
a  long  time  one  of  the  predatory  savage  tribes,  the  terror  of  the  Pueblo 
people  and  their  ancestors.1 


1  The  Navajos  were  wily  warriore,  and 
usually  their  raids  or  other  depredations 
were  victorious.  After  the  acquisition  of 
ihe  Southwest  by  the  United  States,  they 
killed  many  citizens,  especially  when  the 
frontier  troops  were  withdrawn  to  partici- 
pate in  the  Civil  War.  Several  attempts 
were  made  to  subdue  the  Navajos,  but 
none  succeeded  until  1863,  when  Col.  Kit 
Carson  drove  them  into  eastern  New 
Mexico,  where  they  were  held  as  prison- 
ers until  1867.  Then  they  were  permitted 
to  return  to  their  old  haunts  in  western 
New  Mexico  and  northeastern  Arizona, 
where  a  large  reservation  was  apportioned 
to  them .  Since  that  time  they  have  been 
peaceful  and  in  some  ways  prosperous. 
It  is  estimated  that  the  warfare  against 
the  Navajos  and  Apaches  from  1849  to 
1886  cost  the  United  States  $50,000,000. 

The  Navajo  Reservation  covers  more 
than  9,000,000  acres,  most  of  it  above  an 
altitude  of  6,000  feet.  Its  southeastern 
corner  is  20  miles  northeast  of  Wingate, 
its  southwest  corner  is  a  short  distance 
west  of  Canyon  Diablo,  in  Arizona,  and 
it  has  a  length  of  about  190  miles.    This 


is  an  area  of  about  15,000  square  miles, 
which  is  greater  than  Massachusetts  and 
New  Jersey  together.  The  Navajos  num- 
ber about  30,000.  Their  number  has  been 
steadily  increasing  for  many  years;  it  was 
9,000  when  they  were  counted  in  1869. 
They  were  not  mentioned  by  travelers 
prior  to  1629,  and  apparently  began  as 
a  small  offshoot  of  the  Apaches.  They 
call  themselves  Dinneh,  meaning  "the 
people.11  The  Spaniards  called  them 
"Apaches  de  Navaj6f"  from  Navahu, 
the  name  of  an  old  Tigua  pueblo  in 
the  vicinity  of  which  they  lived.  Most 
of  them  live  in  temporary  hogans,  built 
simply  of  sticks  covered  by  earth  and 
branches,  and  they  frequently  move  from 
place  to  place.  Usually  a  few  families 
live  near  together,  and  they  congregate 
about  watering  places  and  trading  posts. 
The  women  weave  their  famous  blankets, 
which  bring  them  nearly  $500,000  a  year, 
and  men  and  boys  tend  their  sheep  and 
goats  and  raise  a  few  crops.  They  live  a 
life  closely  adjusted  to  their  environ- 
ment, and  with  very  few  requirements 
beyond  the  simplest  necessities.    They 
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West  of  Wingate-tlier-J'ailway  continues  along  the  red  shale  valley 
but  gradually  ppgrigaches  much  nearer  to  the  foot  of  the  great  red 
cliffs  than  in- tfttf  region  farther  east,  affording  particularly  good  views 
of  some\>f  their  picturesque  features.  Due  north  of  milepost  150  a 
remackabie  rocky  pinnacle,  known  as  the  Navajo  Church  (see  PI. 
XVIJJV  inay  be  seen.  Its  sharp  spires  of  white  sandstone,  about  200 
fe&liigh,  rise  conspicuously  above  the  rocky  slopes  at  the  top  of  the 
walls  of  red  sandstone.  It  is  a  striking  object,  fashioned  by  the 
irregular  erosion  of  the  massive  Zuni  sandstone  by  rain  and  frost,  and 
in  some  measure  also  by  wind-blown  sand.  A  short  distance  to  the 
west  is  Pyramid  Rock  (shown  in  PL  XVI,  A),  a  conical  mass  of  the 
same  material. 

Not  far  west  of  Zuni  siding  (milepost  152)  the  axis  of  the  arch  of 
the  Zuni  uplift  is  crossed,  the  beds  on  its  crest  pitching  steeply  to  the 

northwest.  West 
of  the  axis  the  beds 
all  dip  steeply  to 
the  west  and  south- 
west. This  feature 
may  be  observed 
between  mileposts 
153  and  155,  espe- 
cially at  the  latter, 
where  the  railroad 
and  creek  pass 
through  a  narrow 
gap  having  walls  of  nearly  vertical  beds  of  the  Dakota  and  overlying 
sandstones,  as  shown  in  Plate  XVIII.  This  steep  dip  to  the  west 
carries  these  sandstones  underground  within  a  short  distance,  beneath 
coal-bearing  sandstones  that  occupy  a  shallow  basin  to  the  west.  (See 
PL  XIX,  A.)  The  change  of  dip  from  nearly  vertical  to  horizontal 
is  so  rapid  as  to  give  the  appearance  of  a  fault  in  the  slope  north  of 
the  railway,  but  close  scrutiny  has  shown  that  there  is  no  appre- 
ciable break.     The  relations  of  this  flexure  are  shown  in  figure  22. 

The  narrow  zone  of  steep  dips  extends  all  along  the  west  side  of 
the  Zuni  uplift,  and  the  ridge  marking  its  course  may  be  seen  bearing 
off  to  the  south  from  the  vicinity  of  milepost  156.    The  basin  west  of 
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Figube  22.— Section  of  coal-bearing  Mesaverde  formation,  Dakota  sand- 
stone, and  underlying  beds  in  and  near  the  gap  3  miles  east  of  Gallup, 
N.Mex. 


own  about  30,000  cattle,  1,400,000  sheep, 
320,000  goats,  and  250,000  horses,  burros, 
and  mules.  In  1914  they  sold  3,375,000 
pounds  of  wool  from  native  sheep,  and 
293,463  pounds  of  merino  wool,  valued  in 
all  at  $465,000. 

Despite  the;r  history  as  predatory  sav- 
ages, the  Navajos  are  in  general  jovial, 
truthful,  intelligent,  and,  as  Indians  go, 


industrious  and  capable.  They  have  an 
ample  vocabulary,  a  complex  grammar, 
an  elaborate  religious  system,  and  hun- 
dreds of  songs.  They  have  numerous 
schools  scattered  widely  over  the  reserva- 
tion, and  many  of  them  are  eager  to  have 
their  children  attend.  About  10  per  cent 
have  tuberculosis,  and  20  per  cent  have 
trachoma,  a  contagious  eye  affection. 
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this  uplift  contains  an  extensive  area  of  sandstones  and  shales  of 
later  Cretaceous  age  (Mesaverde) ,  including  several  beds  of  excellent 
subbituminous  coal  which  are  worked  at  a  number  of  places. 

Gallup  is  a  railway  division  point  and  meal  station.  Its  principal 
industry  is  coal  mining  and  most  of  the  mines  are  in  the  immediate 

vicinity  of  the  town.1  There  are  also  two  brick  kilns 
Gallap.  that,  make  a  large  output.     Many  cattle,  sheep,  and 

Eientton  0,503  feet,  goats  are  raised  in  the  adjoining  country.  A  large 
tamacityi^mflw.  number  of  Navajo  and  Zuni  Indians  come  to  Gallup 

to  trade  and  each  year  bring  in  an  increasing  amount 
of  wool  for  sale.  Formerly  they  received  their  pay  in  merchandise, 
but  now  the  clip  of  wool  is  so  large  that  they  receive  considerable 
balances  in  cash.  The  Navajo  Reservation  is  a  short  distance  north 
of  Gallup  and  40  miles  to  the  south  is  Zuni,  one  of  the  largest  pueblos 
in  the  Southwest.  This  place  is  visited  by  many  persons  and  is  easy 
of  access  by  vehicles  from  Gallup  over  fairly  good  roads.  At  Zuni 
there  are  ample  facilities  for  taking  care  of  visitors  overnight.  A 
special  occasion  is  the  Shalako  dance,  usually  held  in  November. 

Zuni  is  one  of  the  famous  seven  cities  of  Cibola,  the  objective 
point  of  the  Spanish  expedition  under  Coronado  in  1540.  The 
largest  of  these  seven  pueblos  contained  about  500  rooms.  Some 
of  the  ruins  of  old  Cibola  are  still  to  be  seen.  Near  Zuni  is  the  pre- 
cipitous-sided mesa  of  Toyalane,  to  which  the  Indians  of  this  tribe 
fled  whenever  they  feared  invasion  or  punishment,  remaining  there 
sometimes  for  many  years,  while  their  abandoned  pueblos  fell  to 
ruins.  The  present  pueblo  of  Zuni  was  built  200  years  ago,  and  here 
was  concentrated  what  remained  of  the  people  of  Cibola.  The  United 
States  has  recently  built  a  dam  to  hold  water  for  irrigation  at  Zuni, 
an  undertaking  which  is  greatly  appreciated  by  these  progressive  and 
prosperous  Indians.  Their  population,  which  is  1,640,  has  remained 
about  the  same  for  the  last  30  years. 


lThe  coal  that  is  extensively  mined 
ibout  Gallup  is  a  subbituminous  coal 
(formerly  known  as  black  lignite),  which 
occurs  mainly  in  a  bed  5 J  feet  thick,  con- 
tained in  the  Mesaverde  formation.  It  is 
used  on  locomotives  and  shipped  great 
distances  along  the  railway  for  manufac- 
turing and  domestic  use.  Its  keeping 
qualities,  however,  are  not  entirely  satis- 
factory, tile  coal  having  a  disposition  to 
break  up  into  fine  slivers  when  exposed 
to  the  air,  on  account  of  the  large  amount 
of  water  it  contains.  The  rapid  evapora- 
Uod  of  this  water  from  the  surface  layers 
causes  them  to  shrink  and  curl  up  or  scale 
off  and  to  heat  spontaneously  when  stored 


for  a  long  time  in  large  quantities.  Even- 
tually it  will  be  compressed  into  bri- 
quets, a  result  which  will  overcome 
these  unfavorable  characteristics.  The 
average  Gallup  coal  contains  about  42 
per  cent  of  fixed  carbon,  40  per  cent  of 
volatile  combustible  matter,  11  per  cent 
of  moisture,  and  6  per  cent  of  ash.  The 
heating  value  is  11,700  British  thermal 
units.  In  1913  the  production  of  coal 
from  the  Gallup  region  amounted  to 
nearly  825,000  tons,  valued  at  $1,367,364. 
The  coal-bearing  series  consists  of  aji  al- 
ternation of  sandstone  and  shale.  Ledges 
of  sandstone  crop  out  extensively  around 
Gallup  and  for  some  distance  west. 
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At  Gallup  a  large  supply  of  excellent  water  is  obtained  from 
wells  sunk  through  the  coal-bearing  rocks  into  the  underb 
stones.  Without  this  underground  supply  the  town  would  be; 
hampered,  for  the  surface  waters  in  the  vicinity  are  very 
volume  and  mostly  of  bad  quality.  The  well  water  is  carried 
cars  to  supply  many  stations  along  the  railway  where  the  loci 
is  not  satisfactory.1 

A  coal  mine,  plainly  visible  a  quarter  of  a  mile  north  of  th< 
mile  west  of  Gallup,  is  one  of  the  large  producers  of  the  arei 
south  of  a  point  two-tenths  of  a  mile  beyond  milepost  163, 
West  Yard  siding  (see  sheet  16,  p.  108),  is  a  knob  due  to  a 
dark  igneous  rock  (vogesite),  cutting  the  coal-bearing  ro< 
another  small  dike  of  the  same  material  appears  half  a  mile] 
southwest. 

At  milepost  163  sandstones  below  the  coal  measures  appei 
short  distance  north  of  milepost  166,  which  is  at  Defiance  si< 
arch  over,  forming  a  well-marked  anticline.  Beyond  this 
beds  dip  west  for  a  short  distance  at  moderately  steep  angh 
shallow  syncline,  out  of  which  they  rise  again  on  an  easterly 
milepost  167.  The  easterly  dip  continues  for  some  distance, 
up  lower  and  lower  beds  of  the  sandstone  in  succession  toi 
west.  Finally  at  milepost  176  appears  one  of  the  lower  sani 
200  feet  thick,  forming  a  high  wall  on  both  sides  of  the  Rio 
valley,  which  in  consequence  becomes  a  canyon.  These 
tinue  for  several  miles  to  the  west. 

At  Manuelito  (mahn-way-lee'to)  considerable  trading  is  d( 
the  Navajo  Indians  who  live  on  the  reservation  a  short 

north.    This  place  was  named  for  a  Navi 
Manuelito,  N.  Mex.   was  elected    chief   in    1855,  when   a   trei 

arranged  with  the  Navajos  to  end  their 
tions.    This  treaty,  however,  was  not  rat^ 
Congress,  and  lawlessness  continued  till 
subjugation  of  the  tribe  eight  years  later.     Subsequently  Mi 
was  made  head  of  the  native  police  force  and  proved  loyal) 
Government. 

Two- tenths  of  a  mile  beyond  milepost  179  the  State  line  is 
and  Arizona  is  entered.     The  State  line  is  on  the  thirty- 
meridian  west  of  Washington  (about  3  miles  west  of  longiti 
west  of  Greenwich)  and  was  so  defined  by  law  at  a  time 


Elevation  6,260  feet. 
Population  75.* 
Kansas  City  1,096  miles. 


1  The  first  wells  at  Gallup  were  not  very 
deep  and  obtained  only  a  moderate  vol- 
ume of  water,  but  on  the  advice  of  a  geolo- 
gist of  the  United  States  Geological  Sur- 
vey deeper  borings  were  made  with  great 
success.  Several  other  wells  have  been 
sunk  at  places  on  this  railway  on  similar 


advice  and  important  water 
obtained.  The  study  of  the 
under  which  waters  occur  und< 
a  branch  of  geologic  investigate 
ing  the  determination  of  the 
and  structure  of  the  water-bi 
and  their  associated  beds. 
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Government  was  attempting  to  establish  an  initial  meridian  passing 
through  the  old  Naval  Observatory  at  the  National  Capital.  At  this 
place  the  canyon  walls  show  very  massive  gray  sandstone  with  numer- 
ous shallow  caves,  alcoves,  and  buttresses,  capped  by  dark-gray  sand- 
stones (probably  Dakota). 

The  area  of  Arizona  is  112,956  square  miles.  It  comprises  wide 
plateaus,  in  large  part  from  5,000  to  8,000  feet  in  height,  numerous 

ridges  and  mountains,  and  many  wide  desert  valleys. 
Arizona.  On  account  of  its  great  variation  in  altitudes  and  its 

great  width  from  north  to  south,  the  State  presents 
a  wide  diversity  of  climate,  from  that  of  the  hot  regions  near  Fort 
Yuma  to  that  of  the  cold  forested  mountains  and  high  plateaus. 

Arizona  leads  in  copper  production  in  the  United  States,  the  output 
in  1913  being  valued  at  $63,228,127,  or  about  90  per  cent  of  the  total 
mineral  production  of  the  State.  Gold  was  produced  to  the  value 
of  $4,023,911,  and  silver,  which  is  mostly  a  by-product  obtained  in 
reducing  copper  ore,  amounted  to  $2,384,647. 

Although  the  agricultural  possibilities  of  the  State  are  not  devel- 
oped to  their  full  extent,  the  cultivated  hay  crop  approached  a  value 
of  $4,000,000  in  1914  and  wheat  $1,085,000.  Wool  yielded  about 
$939,000.  Range  cattle  growing  is  a  large  industry.  Fruit  of  citrus 
and  deciduous  trees,  cotton,  and  corn  are  being  more  and  more 
cultivated  as  new  lands  are  brought  under  irrigation. 

The  word  Arizona  is  taken  from  the  Papago  language,  in  which 
it  is  said  to  signify  place  of  small  springs.  With  a  population  of 
204,354,  according  to  the  census  of  1910,  or  1.8  persons  to  the  square 
mile,  it  is  one  of  the  more  thinly  populated  of  our  Western  States, 
though  less  so  than  Wyoming  and  Nevada.  The  ratio  of  males  to 
females  is  138.2  to  100.  Of  its  72,000,000  acres  only  5,000,000  are 
privately  owned,  the  remainder  being  public  land,  Indian  reserva- 
tions, or  national  forests.  Originally  Arizona  was  part  of  New 
Mexico,  and  it  continued  as  such  under  United  States  dominion  until 
1863,  when  it  was  made  a  separate  Territory  and  formally  organized 
at  Navajo  Springs.  Later  the  capital  was  at  Fort  Whipple,  Prescott, 
Tucson,  again  at  Prescott,  and  finally  at  Phoenix. 

The  settlement  of  Arizona  has  progressed  slowly,  and  up  to  1886 
the  murderous  disposition  of  the  Apache  Indians  greatly  retarded  its 
development.  Mainly  for  this  reason  there  were  no  white  inhabitants 
in  the  large  area  north  of  Gila  River  prior  to  the  treaty  of  1848.  From 
1853  to  1857  several  governmental  surveys  were  made  across  the 
region,  mainly  to  find  routes  for  railways.  Most  of  the  earliest 
visitors  were  prospectors,  and  from  1847  to  1860  many  mines  were 
opened  under  more  or  less  protection  by  the  Government.  The  with- 
drawal of  troops  for  the  Civil  War  gave  the  Apaches  opportunity  to 
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resume  depredations,  and  about  1,000  settlers  were  killed.  Most  of 
the  mining  operations  were  discontinued,  and  the  few  white  people 
who  remained  fortified  themselves  in  Tucson,  which  was  taken  by  the 
Confederates  and  held  until  Union  troops  came  from  California. 
After  the  war  also  there  was  much  bloodshed  by  Indians,  who  killed 
about  400  settlers.  Gen.  Crook  subdued  the  Apaches  in  1873  and 
concentrated  them  in  a  reservation,  but  there  were  many  serious 
outbursts  later  under  Victorio  and  Geronimo,  with  numerous  mas- 
sacres. Victorio  was  killed  in  an  engagement  in  1863,  but  it  was  not 
until  1886  that  Gen.  Miles  forced  Geronimo  to  surrender,  and  then  the 
Apaches  were  removed  to  other  States.  The  Indians  were  difficult 
to  fight,  for  they  avoided  open  engagements  and  could  travel  fast 
and  far  on  their  ponies. 

The  Southern  Pacific  Kailroad  was  built  through  Arizona  in  1880, 
and  the  Atlantic  &  Pacific  (now  a  part  of  the  Santa  Fe  system)  in 

1883. 

The  history  of  the  aborigines  in  Arizona  is  extensive,  for  on  plains, 
on  mesas,  and  in  the  cliffs  there  are  many  ruins  of  places  occupied 
by  the  early  people.  Some  of  these  ruins  must  be  very  old.  How- 
ever, it  is  believed  that  the  number  of  people  living  in  the  region  at 
any  time  may  not  have  been  great,  for  the  aborigines  frequently 
moved  from  place  to  place.  The  early  expeditions  of  the  Spanish 
explorers  found  many  pueblos.  The  first  Spaniard  to  enter  Arizona 
was  Marcos  de  Niza,  a  Franciscan  friar  who  crossed  its  southwest 
corner  in  1539.  A  year  later  Niza  led  Coronado  to  the  Pueblo 
country,  and  two  small  expeditions  from  this  great  exploring  party 
visited  the  Hopi  country.  The  present  Indian  population  of  the 
State  is  nearly  42,000. 

About  a  mile  west  of  Lupton  the  Zuni  and  Wingate  sandstones, 
which  passed  underground  3  miles  east  of  Gallup,  rise  rapidly  in 

succession,  especially  to  the  north  of  the  railway, 
Lupton,  Arte,        where  the  dips  are  steep  for  some  distance.     (See 
Elevation  6,i(»  feet.     pi  XIX,  B,  p.  103.)     South  of  Lupton  and  extending 
8X1888    y  '  to  a  point  south  of  milepost  181  there  are  high  cliffs 

of  white  to  pink  sandstones  (the  Zuni  and  Wingate)  showing 
many  remarkable  pinnacles,  buttresses,  caves,  and  other  features 
characteristic  of  erosion  in  soft,  massive  rock.  They  have  been 
eroded  by  the  rain,  and  especially  by  wind-blown  sand,  which  cuts 
rapidly  into  rocks  of  this  character.  One  of  the  most  notable 
arches  in  these  rocks  is  shown  in  Plate  XX,  B.  It  is  some  distance 
north  of  the  railway.  Beyond  the  cliffs  west  of  Lupton  the  rise  of 
the  beds  to  the  west  brings  up  the  thick  succession  of  shales  which  lie 
beneath  this  sandstone.  West  of  milepost  182  the  dips  are  very  low, 
j  so  that  the  same  rocks  continue  on  both  sides  of  the  railway  for  a 
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considerable  distance.  They  are  gray  and  purple  shales  with  layers 
of  gray  sandstone,  some  of  which  are  sufficiently  thick  and  hard  to 
form  low  mesas  that  rise  at  intervals  far  to  the  north  and  south. 

A  short  distance  west  of  Houck  siding  the  train  enters  a  canyon 
about  2  miles  long,  the  walls  of  which  consist  of  the  hard,  coarse  sand- 
stone that  underlies  the  shales  exposed  to  the  east. 
This  rock  is  regarded  as  the  eastward  continuation 
^^^tyi!ii3]Si«.0^  *he  Shinarump  conglomerate,  which  is  conspicuous 

in  the  country  to  the  northwest.  The  dip  to  the  west 
carries  this  sandstone  below  the  surface  west  of  the  canyon,  and 
rolling  hills  of  red  shales  with  gray  sandstone  layers  continue  west- 
ward to  Winslow  and  beyond.  These  rocks  are  exposed  here  and  there 
in  shallow  cuts  along  the  railway  and  in  the  slopes  of  the  adjoining 
hills  and  low  mesas.    They  lie  ilearly  flat. 

A  303-foot  well  at  Chambers  affords  a  supply  of  water  rising  within 
60  feet  of  the  surface. 

The  first  Territorial  capital  of  Arizona  was  near  Navajo,  and  there 
has  been  an  Indian  trading  post  there  since  1863.  Jacobs  Well, 
N     .  an  important  water  hole,  is  not  far  south.     Near 

milepost  218   the   train  passes   through   a  shallow 

Elevation  5,633  feet.  tii         i  •   t    •  ii  » -i  •       i 

Kanaasatyi,i34mn«.cany°n  in  rec*  shale  which  is  capped  by  a  thin  deposit 

of  gray  sandstone.  Theso  beds  have  a  scarcely  per- 
ceptible dip  and  constitute  the  surface  along  the  slopes  of  the  Rio 
Puerco  valley  past  Pinta  siding  and  Adamana,  with  remarkable  uni- 
formity over  a  wide  area.  The  Rio  Puerco  in  this  region  has  a 
bed  of  considerable  width  and  high  banks,  but  most  of  the  time  it  is 
dry  or  nearly  so,  as  shown  in  Plate  XX,  A. 

The  "Petrified  Forest,"  or  series  of  petrified  forests,  lies  ashort  dis- 
tance south  of  Adamana,  and  the  trip  to  it  is  made  from  that  sta- 

tion.     A  small. hotel  provides"  accommodations   for 

travelers.     The  distance  to  the  farthest  point  usually 

KanLcj^^Mmfles.  visited  is  9  miles,  and  this  tour  can  be  made  in  a  day 

or  less.  In  the  region  south  of  Adamana  there  are 
four  "forests,"  the  first  6  miles  out,  the  second  8£  miles,  the  third 
13  miles,  and  the  fourth,  the  "Rainbow  Forest,"  about  2  miles  north- 
west of  the  third.  They  are  included  in  a  Government  reservation 
called  "Petrified  Forest  National  Monument,"  created  by  President 
Roosevelt  in  1906  and  placed  in  charge  of  the  Secretary  of  Agricul- 
ture. The  name  "forest"  is  not  appropriate,  for  the  petrified  tree 
trunks  are  all  prostrate  and  are  broken  into  sections.  (See  PI.  XXI.) 
The  logs  are  the  remains  of  trees  that  grew  in  Triassic  time.  The 
trees  were  of  several  kinds,  most  of  them  being  related  to  the  Nor- 
folk Island  pine  (Araucaria  exceUa),  now  used  for  indoor  decoration. 
These  gigantic  fossil  trees  are  of  later  date  than  those  represented 
by  the  cones  and  twigs  in  the  beds  at  Glorieta  Pass,  and,  as  might 
be  expected,  they  resemble  the  living  Araucarias  more  closely.    They 
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are  probably  the  Triassic  descendants  of  the  Permian  progenitor 
the  araucarian  family.     Doubtless  they  grew  in  a  near-by  rej 
and,  after  falling,  drifted  down  a  watercourse  and  lodged  in 
eddy  or  a  sand  bank.     Later  they  were  buried  by  sand  and 
finally  to  a  depth  of  several  thousand  feet.     The  conversion  to 
Vwas  effected  by  gradual  replacement  of  the  woody  material  by 
in  the  form  called  chalcedony,  deposited  by  underground  wate: 
small  amount  of  iron  oxides  deposited  at  the  same  time  has  giv 
beautiful  brown,  yellow,  and  red  tints  which  appear  in  much 
material. 

Ail  the  "forests"  present  objects  of  interest,  but  a  visit  to  th 
and  second  illustrates  most  of  the  features.     In  places   the; 
are  scattered  over  the  surface  in  large  numbers.     They  vary  L 
and  in  length  of  the  trunk  sections;  in  most  places  the  section*** 
in  no  regular  order,  but  some  of  them  he  in  line  very  nearly  in 
original  positions.     In  the  first  forest  they  are  all  out  of  place,  hm  \  ~-m 
either  rolled  down  from  their  original  positions  in  a  sandstone  \3c'^ \ 
at  a  higher  level,  or  been  left  on  the  ground  as  the  clay  or  san 
once  inclosed  them  was  washed  away.     In  the  second  and  j-^ 
forests  the  original  log-bearing  stratum  may  be  seen,  with 
logs  only  partly  uncovered  by  erosion.     Some  of  the  tree  til  .  -tij 
are  6  feet  in  diameter  and  more  than  100  feet  in  length,  but  m<^      '' 
them  are  about  half  these  dimensions.     In  the  first  forest  ther 
fine  trunk  that  forms  a  natural  bridge  over  a  small  ravine,  the  ^KV 
having  first  washed  away  the  overlying  clay  and  sand  and  w<\$^ 
following  a  crevice,  worked  out  the  channel  underneath.     The  Ui-  f/ 
of  this  log  is  110  feet,  diameter  4  feet  at  butt  and  1^  feet  a 
(See  PI.  XXI,  A.) 

The  petrified  woods  are  beautiful  objects  for  study.     When  _ 
slices  are  carefully  ground  down  to  a  thickness  of  0.003  inch  or 
and  placed  under  the  microscope  they  show  perfectly  the  o 
wood  structure,  all  the  cells  being  distinct,  though  now  thejl       \ 
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replaced  by  chalcedony.     By  studying  the  sections,  F.  H.  Kno 
has  found  that  most  of  these  araucarian  trees  were  of  the  s  _ 
Araucarioxylcm  arizcmicam,  a  tree  now  extinct.    It  is  known  tolF  )  ? 
lived  at  the  same  geologic  time  also  in  the  east-central  part  ofc^ 
United  States,  where  the  remains  of  some  of  its  associates  havcd^-X 
been  found.     These  included  other  cone-bearing  trees,  tree 
cycads,  and  gigantic  horsetails,  which  indicate  that,  at  that  tim  Jscaie  ^ 
rainfall  was  abundant.  |**teiv  r 

The  entire  area  of  the  "forests"  is  included  in  the  Grove: 
reservation,  and  visitors  are  prohibited  from  carrying  away  a 
the  petrified  wood  or  damaging  the  logs  in  any  way.     Petrified  ^ic^I: 
occurs  in  many  other  places  in  these  same  beds  to  the  north  and  sA*  c 
notably  in  an  area  6  miles  north  of  Adamana  or  5  miles  north  of  M*  ^ 
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siding,  where  there  is  an  interesting  "forest/'  known  as  the  North 
Forest,  of  considerable  extent.  The  logs  are  aU  in  beds  not  far  above 
the  horizon  of  the  Shinarump  conglomerate. 

A  short  distance  west  of  the  main  Petrified  Forest,  at  the  head  of  a 
small  valley  which  joins  the  valley  of  Little  Colorado  River  at  Wood- 
ruff (see  sheet  17,  p.  112),  is  a  group  of  prehistoric  pueblo  ruins  which 
have  been  thought  to  be  of  Zuiii  origin. 

A  boring  was  made  in  the  red  shale  at  Adamana  to  obtain  a  water 
supply,  but  the  water,  though  found  with  sufficient  head  to  afford  a 
flow,  was  too  salty  for  use.  This  condition  is  almost  universal  in  the 
red  shale  of  the  Moencopie  formation,  which  was  penetrated  in  the 
boring. 

West  of  Adamana  the  railway  continues  down  the  valley  of  the  Rio 
Puerco,  which  vr.  ^ns  somewhat  because  of  the  softness  of  the  red 
Moencopie  shale,  iu  which  it  is  excavated.  The  conglomerate  (Shina- 
rump) which  lies  next  above  this  shale,  caps  slopes  and  buttes  some 
distance  to  the  north  and  south. 

The  beds  lie  almost  flat,  so  that  the  railway  in  descending  the 
valley  crosses  successively  older  and  lower  beds. 

A  short  distance  beyond  milepost  251  the  Rio  Puerco  empties 
into  Little  Colorado  River,  which  flows  from  the  south  but  turns 

almost  due  west  after  its  junction  with  the  Puerco. 
From  this  place   the  railway   continues   along   the 

K^°ctty  Menkes. north  bank  of  the  Little  Colorado  nearly  to  Winslow. 

The  valley  is  wide  and  contains  extensive  flats  of 
alluvium,  with  more  or  less  loose  wind-blown  sand.  In  a  few  places 
there  are  ranches  where  the  river  water  is  utilized  for  irrigation. 

Holbrook  is  sustained  largely  by  scattered  ranches  in  the  sur- 
rounding country.  One  of  the  principal  industries  of  the  region  is 
Holbrook  *^e  raising  of  stock,  sheep,  and  goats,  and  it  is  reported 

„,     ,      #  that  200,000  pounds  of  wool  were  shipped  from  Hoi- 

Elcvstlon  5  080  feet.  ___ 

Population  W*  brook  in  1914.  There  is  considerable  trade  with  the 
Kanaascityi  174  miles.  inrjjans  here,  for  the  Navajo  Indian  Reservation  is 

only  a  few  miles  northeast  and  the  Hopi  country 
begins  not  far  to  the  northwest.  Holbrook  is  also  an  outlet  for 
considerable  travel  coming  down  the  valley  of  the  Little  Colorado 
from  St.  John  and  other  places  farther  south. 

Holbrook  is  situated  on  the  red  shales  and  sandstones  of  the  Moen- 
copie formation.  The  beds  dip  very  gently  to  the  north,  and  within 
a  few  miles  in  that  direction  the  red  rocks  pass  under  the  Shinarump 
conglomerate,  the  outcrop  of  which  is  marked  by  low  cliffs  and 
numerous  buttes.  The  red  rocks  of  the  Moencopie  formation  are 
prominent  all  along  the  valley  from  Holbrook  to  Winslow,  crop- 
ping out  in  many  low  cliffs  and  mesas.    A  few  miles  north  of  the 
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valley  are  wide  areas  of  badlands,  as  shown  in  Plate  XXII.  These 
are  developed  by  erosion  in  the  soft  sandy  clays  in  the  formation 
overlying  the  Shinarump  conglomerate. 

North  of  Joseph  City  siding  is  the  Mormon  settlement  of  St.  Joseph, 
where  crops  are  raised  by  irrigation  from  the  Little  Colorado.  To 
the  south  is  an  area  of  $00  acres  irrigated  from  deep  wells.  These 
places  are  conspicuous  green  oases  in  a  region  where  the  gray  desert 
aspect  prevails.  Along  the  Little  Colorado  Valley  at  intervals  are 
cottonwood  trees,  some  of  them  large  and  clustered  in  groves  of  con- 
siderable extent. 

As  the  Little  Colorado  Valley  widens  near  Manila  and  Hardy 
sidings,  there  appear  to  the  north  many  mesas  and  slender  pinnacles 

of  igneous  rock  which  rise  high  above  the  general 

plain.     Far  to  the  north  in  the  Navajo  Reservation 

KM^atyM90miie9.may  ^e  discerned  the  cliff  at  the  edge  of  an  extensive 

mesa,  which  contains  a  large  coal  field  that  has  not 
yet  been  developed. 

About  2  miles  east  of  Winslow  the  railway  crosses  the  Little  Colo- 
rado, which  here  makes  an  abrupt  turn  to  the  north.  A  few  miles 
farther  west  the  river  bends  to  the  northwest  to  join  Colorado  River 
in  the  Grand  Canyon  at  a  point  about  100  miles  northwest  of  Winslow. 
The  original  name  of  this  stream  was  Rio  Lino  (that  is,  Flax  River),  a 
distinctive  name  which  would  be  preferable  to  the  present  name. 

Winslow  is  a  railway  division  point  where  many  trains  stop  for 
meals.     It  is  the  headquarters  for  a  large  surrounding  stock  country 

and  an  important  center  of  trade  with  Hopi  and 
Winslow.  Navajo  Indians  (see  PI.  XXIII)  in  the  reservations 

Elevation  4,854  feet,  not  far  north.  Near  Winslow  are  the  ruins  of 
Kmsasatyi^7mfles.Homolobi  Pueblo,  claimed  by  the  Hopis  to  be  the 

home  of  their  ancestors  before  the  tribe  had  to  flee 
to  the  high  cliffs  far  to  the  north  to  be  safe  from  their  enemies. 

Winslow  is  at  the  south  end  of  the  Painted  Desert,  a  district  of 
undulating  plains  and  bright-colored  cliffs,  which  extends  far  north- 
ward into  Utah.  The  Painted  Desert  lios  between  the  canyons  of 
Little  Colorado  and  Colorado  rivers  on  the  west  and  the  buttes  and 
plateaus  of  the  highlands  on  the  east.  Its  width  in  general  is  about 
40  miles,  comprising  the  outcrop  of  sandstones  and  shales  that  are 
mostly  of  Triassic  age. 

Except  in  the  two  rivers  there  is  no  running  water  on  the  Painted 
Desert,  and  springs  and  water  holes  are  far  apart  and  of  small  volume. 

The  Hopi  Indian  villages  of  Oraibi  (PI.  XXIV),  Walpi,  Schimopavi, 
Shipauiluvi,  Mishonginivi,  Sichomivi,  and  Hano  are  picturesquely 
built  on  the  cliffs  which  project  from  a  high  plateau  of  sandstone  into 
the  western  margin  of  the  Painted  Desert,  about  60  miles  north  of 
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Winslow.  They  are  in  a  reservation  about  50  by  70  miles  in  extent 
which  the  Government  has  set  aside  for  the  Hopis.1 

The  first  white  men  to  visit  the  Hopi  Indians  were  the  mem- 
bers of  a  party  under  Pedro  de  Tovar  (toe-vahr') ,  sent  by  Coronado. 
At  that  time  seven  villages  constituted  the  province  of  Tusayan 
(too-sah'yan),  as  it  was  subsequently  known.  These  were  in  the 
neighborhood  of  the  present  Hopi  villages,  but  the  Hopi  Indians 
claim  as  ancestral  homes  ruins  found  as  far  away  as  Verde  River  and 
the  Rio  Grande.  The  present  Hopi  villages  are  the  objective  point 
of  many  tourists,  especially  on  the  occasion  of  the  far-famed  snake 
dance,  which  occurs  in  August. 

For  centuries  the  Pueblo  people  of  this  arid  climate  have  been 
developing  the  Indian  maize,  a  peculiar  corn  with  wonderful  drought- 
resisting  properties.  It  is  planted  from  6  to  12  inohes  below  the 
surface,  the  depth  depending  on  the  condition  of  the  soil,  and  the  long 
single  root  goes  deep  to  gather  the  scant  moisture  of  the  sandy  soil. 
A  stem  also  extends  straight  to  the  surface  and  there  concentrates 
its  energy  in  seed  development,  with  only  a  few  straggly  leaves  from 
its  short  stalk.  Consequently  a  field  of  maize  presents  a  very  poor 
appearance  compared  with  an  eastern  cornfield.  However,  if  there 
is  a  little  rainfall  at  the  critical  part  of  the  growing  season,  it  yields  a 
fair  crop. 

The  climate  of  this  region  is  typical  of  much  of  the  higher  portions 
of  Arizona,  with  its  scanty  rainfall  and  large  percentage  of  cloudless 
days  (about  60  per  cent).  The  days  are  dry  and  hot  in  summer,  but 
the  night  temperatures  are  usually  40°  cooler.  At  Holbrook  the 
mean  annual  precipitation  is  9.16  inches  and  the  mean  annual  tem- 
perature 54.2°.  At  Winslow  the  precipitation  is  7  inches  and  the 
temperature  55°,  while  Flagstaff,  on  the  plateau  2,000  feet  higher, 
has  nearly  24  inches  of  rainfall  and  a  much  lower  temperature,  44.7°. 

Winslow  is  on  the  red  sandstones  and  shales  of  the  Moencopie 
formation.  To  the  northeast  these  rocks  pass  under  the  Shinarump 
conglomerate,  the  outcrop  of  which  extends  across  the  country  in 
low  bluffs  that  may  be  observed  6  miles  northeast  of  Winslow. 


1  The  name  Hopi  means  "  peaceful 
ones,"  and  the  (to  them)  very  unaccept- 
able word  Mold,  sometimes  applied  to 
them  by  other  Indians,  is  derisive,  mean- 
ing "dead  ones."  They  are  Shoehonean 
in  language,  but  are  a  composite  of  various 
stocks.  They  are  intelligent,  thrifty, 
tractable,  hospitable,  and  frugal.  Their 
lives  are  full  of  toil  to  raise  crops  in  an  arid 
region,  and  full  of  prayers  and  religious 
ceremonies  largely  intended  to  persuade 


their  gods  to  send  water  for  the  crops. 
They  are  monogamists  and  faithful  to 
marriage  ties.  Murder  is  unknown  among 
them,  theft  rare,  and  lying  deprecated. 
They  now  number  about  2,100,  having 
diminished  considerably  in  the  last  50 
years.  Escalante  reported  nearly  7,500 
in  1774  and  only  798  were  recorded  in 
1780,  more  than  6,000  having  died  of 
disease.  A  very  large  proportion  of  them 
have  trachoma. 
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Beyond  this  conglomerate  is  a  wide  area  occupied  by  a  thick  su 
sion  of  light-colored  shales,  and  in  the  distance  are  scattered  bu 
of  still  higher  red  sandstone  (the  Wingate),  capped  by  small  r 
nants  of  old  lava  sheets.    Some  of  these  lava  buttes  are  very  p 
nent  features  in  the  landscape  far  to  the  northeast  of  Winslow. 
Moencopie  formation  extends  northwest  of  Winslow  and  Moquisi 
in  a  broad  belt  down  the  valley  of  the  Little  Colorado,  which 
cuts  down    into    the   underlying   limestone    (the    Kaibab). 
of  Winslow  the  train  leaves  this  valley  and  climbs  gradual! 
the  Arizona  Plateau.    This  extensive  table-land  rises  continuous! 
Flagstaff  and  beyond  and  also  northwestward  to  the  edge  of 
Grand  Canyon.    The  greater  part  of  its  surface  consists  of  bare  li 
stone  (the  Kaibab),  which  dips  at  a  low  but  nearly  uniform  angl 
the  east  and  southeast.    At  Winslow  this  limestone  is  some  dist 
beneath  the  surface,  under  the  red  sandstones  of  the  Moencopie 
mation,  but  as  it  rises  to  the  west  at  a  somewhat  more  rapid 
than  the  ascent  of  the  railway  it  finally  reaches  the  surface.     It    ^2^BJ» 
appears  at  a  point  a  short  distance  beyond  Dennison  siding  (see  slL  t5^l 
18,  p.  120),  but  for  several  miles,  to  and  beyond  Sunshine  sid       n 
numerous  outlying  masses  of  the  basal  red  sandstone  of  the  M 
copie  remain  on  it.    Just  south  of  Sunshine  this  sandstone  has 
quarried  to  a  considerable  extent  for  building  stone. 

About  10  miles  south  of  Sunshine  is  Crater  Mound,  long  kno 
Coon  Butte  and  for  a  while  as  Meteorite  Mountain,  perhaps  the 

mysterious  geologic  feature  in   the  West.     Vie 
Sunshine.  from  the  railway,  it  appears  as  a  low  ridge  (see 

Elevation  5,341  feet.     XXV,  A),  but  on  near  approach  this  ridge  is  fo 

KansasCity  1,227 miles.  '    .  n  .      \r  & 

to  be  circular  and  to  inclose  a  great  hole  4,000 
in  diameter  and  600  feet  deep.1     (See  Pi.  XXV,  C.)    The  enci 
ridge  is  from  100  to  150  feet  high  and  consists  of  loose  fragm 
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1  The  cause  of  this  great  hole  in  the 
ground  has  not  been  ascertained.  Sev- 
eral geologists  believe  that  it  was  made  by 
the  impact  of  a  great  meteor,  a  view  sug- 
gested by  the  occurrence  of  many  small 
masses  of  meteoric  iron  in  the  vicinity, 
as  well  as  elsewhere  in  the  surrounding 
country,  but  a  mining  company  organized 
to  find  and  work  the  large  mass  supposed 
to  be  buried  in  the  hole  failed  to  obtain 
any  evidences  of  its  existence.  Many  test 
borings  and  a  shaft  were  sunk  200  feet 
into  the  detritus  in  the  floor  of  the  hole, 
and  a  1,020-foot  hole  found  that  the  un- 
derlying sandstones  are  not  disturbed. 
Moreover,  a  detailed  survey  with  a  mag- 
netic needle,  hung  to  swing  vertically, 


failed  to  show  any  evidence  of  the 
ence  of  a  body  of  metallic  iron. 

Another  suggestion  is  that  the  hoj 
due  to  an  explosion  of  steam  from  vol< 
sources  below,  accumulating  in  the 
of  the  sandstone  and  finally  reaching 
limit  of  tension.    This  would  account 
the  broken  sandstone  and  limestone 
stituting  the  encircling  rim  and  for  tht 
turned  edges  of  the  strata,  which  doubl 
would   bend   upward   somewhat   bi 
they  broke.    The  large  amount  of 
sand  produced  would  result  from 
violence  of  the  explosion  of  steam 
tained  in  the  interstices  of  the  sandal 
Such  an  explosion  might  not  greatly 
turb  the  underlying  Supai  sandstone 
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of  rock  and  sand  blown  out  of  the  hole.  (See  PL  XXV,  2?.)  The 
beds  of  rock  in  the  walls  of  the  hole  are  Kaibab  limestone  at  the 
top  and  Coconino  sandstone  below,  both  more  or  less  upturned  near 
the  hole  and  in  part  considerably  shattered.  The  relations  are  shown 
iii  figure  23.  The  best  view  of  Crater  Mound  is  obtained  from  points 
near  milepost  309. 

West  of  Sunshine  there  is  a  nearly  continuous  exposure  of  the 
Kaibab  limestone  to  Flagstaff,  and  this  rock  also  extends  far  to  the 
north,  south,  and  southwest.  As  the  slope  is  ascended  northwest  of 
Sunshine  siding  there  is  a  fine  view  of  the  Painted  Desert  far  to  the 
northeast,  and  beyond' it  may  be  seen  dimly  the  high  promontories 
or  plateaus  on  which  the  Hopi  villages  are  built. 


Kaibab 
limestone 


Coconino  sandstone  •  -^ 


Supai  sandstone, red 


Fiqubx  23.— Generalized  section  across  Crater  Mound,  Ariz. 

A  short  distance  beyond  Canyon  Diablo  station  the  railroad 
crosses  the  canyon  on  a  long   steel  bridge,  affording  a  very  good 

view  of  this  interesting  feature.     (See  PI.  XXVI.) 
nyon  o.    r^le  cany0n  ig  steep  walled,  about  225  feet  deep, 

Jjjjjj l^Infles.  55°  *eet  wide,  and  entirely  in  the  Kaibab  limestone. 

The  beds,  which  are  thick  and  massive,  are  nearly 
horizontal  and  appear  as  huge  steps  descending  to  the  bottom  of  the 
canyon. 

Just  beyond  Hibbard  siding  is  another  canyon  known  as  Canyon 
Padre  (pah 'dray),  not  as  deep  as  Canyon  Diablo,  but  of  similar  shape. 
Both  of  them  are  excellent  illustrations  of  the  results  of  erosion  in 
hard  limestone  by  streams  of  considerable  slope.  The  flow  is  tran- 
sient, for  only  at  times  of  rainfall  is  there  any  water  in  them,  but  then 
the  current  is  swift  arid  the  water  carries  much  sand,  which  vigorously 
cuts  away  the  limestone. 

West  of  Canyon  Padre  there  may  be  seen  ahead  and  to  the  north 
many  knobs  and  ridges  rising  above  the  plateau  surface.  They 
consist  of  volcanic  rocks  which  cover  a  wide  area  to  the  northwest 


zone  of  explosion  were  in  the  overlying 
Ooconino  sandstone,  which  is  much  the 
more  porous  material.  The  locality  is  in 
the  midst  of  a  region  of  former  great  vol- 
canic activity,  for  although  there  are  no 
lava  flows  in  the  immediate  vicinity  of 
the  hole  there  are  large  outflows  and 
vents  not  many  miles  away  in  all  direc- 


tions. A  somewhat  similar  hole  or  crater 
holds  the  Zuni  Salt  Lake,  115  miles  to  the 
southeast.  From  its  center  rise  two  very 
recent  cinder  cones,  one  with  a  deep  cra- 
ter in  its  top.  The  rim  surrounding  the 
big  hole  consists  of  a  mixture  of  volcanic 
ejecta  and  fragments  of  rocks  from  far 
below  the  surface. 
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and  culminate  in  the  high  peaks  of  the  San  Francisco  Mountains,  25 
miles  away,  which  are  prominently  in  view  for  many  miles  along  the 
railway. 

At  milepost  320  there  is  a  cinder  cone  a  short  distance  north  of  the 
railway,  with  a  lava  flow  extending  from  its  base  to  the  east  and 
another  to  the  south,  the  latter  reaching  nearly  to  the  track.  The 
cone  is  remarkably  symmetrical  and  fresh  looking,  and  the  lava  flow 
is  closely  similar  to  that  which  is  exposed  near  Grant  and  Horace, 
220  miles  farther  east.  A  short  distance  north  of  the  cone  is  the  south- 
ern margin  of  a  wide  area  of  lava  (basalt),  which  extends  far  to  the 
north  as  well  as  to  the  northeast  and  northwest.  On  its  rugged  sur- 
face are  many  cinder  cones  which  are  visible  more  or  less  distinctly 
from  the  train.     (See  PL  XXVII.) 

Between  mileposts  319  and  320  is  a  signboard  reading  "  Eastern 
boundary  Coconino  National  Forest/ '  This  forest  is  one  of  two 
Government  reservations  which  include  the  great  forest  of  yellow 
pine  (Pinu8  ponderosa)  covering  the  higher  part  of  the  Arizona  or 
Coconino  Plateau.1 

As  the  limestone  plateau  is  ascended,  the  first  trees  observed  are 
stunted  junipers  and  pifions;  these  rapidly  increase  in  size  and  abun- 
dance as  the  higher  altitudes  are  attained,  a  feature  especially  notice- 
able between  Angell  and  Winona  sidings. 


1  These  great  forests  extend  northwest- 
ward to  the  Grand  Canyon,  westward 
to  and  beyond  Williams,  and  southward 
to  the  southern  margin  of  the  plateau. 
They  include  about  1,317,000  acres  of 
western  yellow  pine.  In  parts  of  the 
forest  and  in  a  broad  zone  around  its  mar- 
gin are  junipers  (Juniperus  occidentalis 
var.  monosperma)  and  pinons  (Pinna 
edulis).  The  pines  grow  on  the  limestone 
and  volcanic  rocks,  and  the  forest  limits 
are  determined  by  the  moisture,  which  in 
turn  is  largely  controlled  by  the  altitude. 
Accordingly  the  pine  growth  is  nearly  all 
in  the  area  higher  than  6,200  feet,  for  at 
lower  altitudes  than  this  the  precipitation 
is  insufficient;  in  fact,  even  in  some  of  the 
western  portions  of  the  high  plateau, 
where  the  altitude  is  slightly  above  this 
amount,  the  rainfall  is  too  scanty  or  the 
soil  too  dry  to  support  a  forest.  The  yel- 
low pine  gives  place  to  other  trees,  mainly 
fire,  spruce,  and  aspen,  above  8,500  to 
9,000  feet,  and  the  forest  ceases  at  an  alti- 
tude of  12,000  feet  on  the  San  Francisco 
Mountains. 


The  investigations  of  the  Geological 
Survey  and  the  Forest  Service  on  the 
relation  of  forests  to  water  supply  and  soil 
waste  indicate  that  forests  in  mountainous 
districts  conserve  the  precipitation  for 
Btream  flow  and  increase  the  underground 
storage  of  water.  The  trees  break  the 
violence  of  the  rain,  retard  snow  melting, 
and  increase  absorption  by  the  soil,  all  of 
which  diminish  erosion  of  the  surface  and 
rapidity  and  volume  of  run-off.  Under- 
ground seepage  is  increased,  so  that  a 
steady  flow  is  maintained  in  springs 
and  streams,  and  less  silt  is  removed, 
hence  there  is  less  to  obstruct  the  stream 
beds. 

Fires  have  ravaged  many  parts  of  the 
forests,  and  one  of  the  principal  functions 
of  the  Forest  Service  is  to  prevent  or  ex- 
tinguish them.  Lookouts  are  maintained 
on  high  points.  Lightning  starts  fires  and 
destroys  many  trees  that  do  not  ignite. 
It  has  been  estimated  that  40,000  trees 
were  struck  in  three  years  in  the  high 
plateau  province  of  Arizona  and  adjoining 
regions. 
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At  Angell  and  for  several  miles  west  many  cinder  cones  are  visible 
on  the  widespread  lava  sheet  which  begins  a  short  distance  north  of 

that  siding.  Most  of  these  cones  are  from  150  to  250 
Angell.  f^  high.    They  consist  of  piles  of  loose,  dark  vol- 

Ekvattm  5,mo  feet.     canic  cinder  or  pumice  which  varies  from  pieces  2 

inches  in  diameter  to  fine  sand.  The  deposit  in- 
cludes volcanic  bombs,  rounded  masses  of  more  compact  lava,  which 
were  ejected  from  volcanic  vents.  This  region  of  lava  occupies  an 
area  about  15  miles  wide  from  north  to  south  and  70  miles  long  from 
east  to  west,  with  the  San  Francisco  Mountains  near  the  center.  It 
has  been  designated  the  San  Franciscan  volcanic  field.1 


1  Three  general  periods  of  volcanic  ac- 
tivity are  indicated  in  this  field.  First 
came  a  widespread  outflow  of  basalt, 
which  issued  from  numerous  cracks  in 
the  limestone  and  underlying  strata  in 
a  very  fluid  condition  and  spread  widely 
over  the  gently  sloping  surface  of  the 
plateau.  In  the  second  period  occurred 
the  eruption  of  several  large  masses  of 
more  viscous  lavas  (andesite,  dacite,  and 
latite)  now  constituting  San  Francisco 
Mountain,  Kendrick  Peak,  Elden  Moun- 
tain, O'Leary  Peak,  and  other  high 
Bummite.  These  lavas,  being  less  fluid 
than  the  earlier  basalt,  piled  up  and  in 
part  arched  up  on  it  in  high  mounds  of 
relatively  small  extent.  As  these  rockB 
are  hard  and  massive  they  give  rise  to 
very  prominent  topographic  features.  It 
is  probable  that  there  was  a  considerable 
interval  of  time  between  the  first  basalt 
eruptions  and  the  outflows  of  less  fluid 
lavas,  but  apparently  all  of  them  were 
extruded  late  in  Tertiary  time.  There 
are  also  bodies  of  intruded  rhyolite  which 
apparently  cut  across  the  earlier  basalt 
at  several  localities,  notably  in  Sitgreaves 
Peak,  Government  Mountain,  and 
O'Leary  Peak.  This  rhyolite  is  a  light- 
gray  or  nearly  white  rock,  usually  break- 
ing into  thin  slabs. 

In  the  third  period  of  eruption  in  the 
San  Francisco  volcanic  field  occurred  an 
extensive  outflow  of  black  lava  (basalt) 
similar  to  the  first.  It  came  out  of  nu- 
merous cracks  and  other  orifices,  mostly 
within  the  area  of  the  earlier  lava  sheets. 
The  lava  at  many  localities  ran  down 
valleyB  which  had  been  eroded  in  the 


earlier  lava  sheets  or  the  underlying  lime- 
stone in  the  interval  between  the  periods 
of  eruption.  Most  of  this  later  lava  is 
exceedingly  fresh  in  appearance,  similar 
to  that  occupying  the  San  Jose  Valley  at 
Grant  and  McCartys,  N.  Mex.,  which  is 
described  on  pages  97-98. 

At  many  of  the  vents  the  cessation  of 
lava  flow  was  followed  by  an  outburst  of 
cinders  and  ash.  This  material  was 
thrown  up  into  the  air  for  some  distance 
and,  settling  back  about  the  vent,  formed 
a  cone,  as  a  rule  with  a  central  crater. 
The  building  of  these  cinder  cones  usually 
marked  the  last  stage  of  activity  of  the 
crater,  but  in  some  places  a  later  gush  of 
lava  was  poured  out  from  the  side  or  base 
of  the  cone.  The  lava  contained  a  vast 
volume  of  steam,  lor  much  of  it  is  highly 
porous,  owing  to  the  expansion  of  the 
steam  in  the  cooling  rock  as  it  flowed  out 
over  the  surface.  The  cinder  consists  of 
lava  filled  with  small  steam  holes,  so 
that  most  of  it  is  completely  porous  or 
pumaceous.  In  the  cinder  cones  are 
usually  included  masses  of  compact  lava 
probably  thrown  out  as  bombs.  These 
vary  in  form  from  perfectly  round  balls 
to  elongated  and  irregular  shapes  such  as 
might  be  expected  in  molten  material 
ejected  from  a  vent.  Their  surface  is 
smooth.  In  places  there  are  flattened 
masses  of  lava  several  square  yards  in 
extent,  in  part  twisted  around  some  of  the 
cinder  in  which  they  are  inclosed.  Sev- 
eral of  the  cinder  cones  doubtless  date 
back  to  the  earlier  basalt  eruption,  but 
most  of  them  appear  to  belong  to  the  last 
period. 
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There  are  several  hundred  cinder  cones  in  the  field,  presenting  a 
great  variety  in  size,  height,  and  stage  of  preservation.  Many  have 
deep  craters  or  hopper-shaped  cavities  at  the  top.  The  distribution 
of  most  of  them  is  shown  in  figure  24,  which  also  shows  the  approxi- 
mate extent  of  the  lava  fields.  Excellent  views  of  binder  cones  may 
be  had  to  the  northwest  from  mileposts  321,  324,  and  325,  and  at 
Winona  there  are  two  small  cones  a  short  distance  south  of  the  track. 

At  milepost  326  the  railway  reaches  the  south  edge  of  the  great 
basalt  flow.  It  continues  along  this  edge  but  is  built  mostly  on  the 
underlying  limestone  almost  as  far  as  Flagstaff.  There  is  a  cut  in 
the  basalt  on  the  north  side  of  the  track  at  milepost  326.  At  mile- 
post  328,  just  east  of  Winona,  the  railway  enters  the  basalt  area,  on 
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Figure  24.— Map  of  the  lava  field  in  the  San  Francisco  Mountain  district,  Ariz.,  showing  distribution 

of  cinder  cones  marking  vents  of  eruption.    (After  H.  H.  Robinson.) 

which  it  continues  for  about  a  mile,  and  at  many  points  in  the  next 
few  miles  the  edge  of  the  basalt  is  a  shoft  distance  north  of  the  tracks. 

Between  Winona  and  Cosnino  sidings  the  San  Francisco  Mountains 
are  in  plain  sight  to  the  northwest,  and  many  minor  volcanic  peaks 
are  also  visible  to  the  north.  In  greater  part  the  railroad  is  built 
on  the  Kaibab  limestone,  which  is  well  exposed  in  several  cuts. 

At  Cosnino  the  pines  begin  to  be  numerous  and  of  large  size,  and 
a  short  distance  to  the  west,  at  an  altitude  of  about  6,300  feet,  the 

traveler  enters  the  great  pine  forest  which  extends  con- 
Cosnino.  tinuously  to  Williams.     Cosnino  is  a  name  formerly 

Elevation  6,466  feet,     applied  to  the  Havasupai  tribe  of  Yuman  Indians. 

Kansas  City  1,254  miles.    \~     **•£*£* 

who  live  m  Cataract  Canyon,  near  Grand  Canyon. 
They  once  occupied  permanent  villages  on  the  Arizona  Plateau  but 
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were  forced  to.  abandon  them  owing  to  the  hostility  of  tribes  living 
farther  east. 

Two  miles  beyond  Cosnino  the  train  approaches  a  large  cinder 
cone  which  extends  for  about  a  mile  along  the  north  side  of  the  track, 
and  halfway  between  mileposts  336  and  337  there  are  cuts  exposing 
some  features  of  the  cinder  deposits  constituting  this  cone.  Most  of 
the  material  is  fine  grained  but  there  are  many  included  masses 
consisting  of  cinder  agglomerated  together  and  numerous  bombs. 

One  of  the  most  notable  examples  of  a  recent  cinder  cone  is  Sunset 
Peak,  which,  is  visible  10  miles  to  the  north  from  the  vicinity  of 
milepost  337."  This  cone  is  300  feet  high  and  has  steep  slopes  of  loose 
cinders,  part  of  which  are  of  a  bright-red  color,  giving  the  cone  the 
appearance  of  being  illumined  by  the  setting  sun.  The  crater  at 
the  top  is  80  feet  deep  and  ^--^ 

200  feet  in  diameter,  but  / 

the  original  orifice  under  '  y 

this  depression  is  covered 
by  the  loose  material 
sliding  down  the  steep 
slopes. 

Halfway  between  mile- 
posts  338  and  339  IS  a  red     Figure  25.— Section  of  Elden  Mountain,  east  of  Flagstaff, Ariz., 

p'mAev  mna  900  f  apt  Viio-ri         sowing  relations  of  beds  upturned  on  its  east  side,    o,  Lime- 
wuuer  ooiie  tvv  ieet  mgn,       gtone  (KaIbab);  bf  ^y  ga^tone  (Coconino);  c,  red  sandstone 

half  a  mile  north  Of  the        (Supai);  d,  limestone  (Redwall);*,  igneous  rock.    (After  H.H. 

railway,   with    a    small      Rob,n8on> 

tongue  of  lava  extending  from  its  base  southward  to  a  point  a  short 

distance  east  of  milepost  339. 

At  Cliffs  the  train  runs  near  the  south  edge  of  Elden  Mountain, 
a  prominent  mass  of  dark-colored  dacite  of  the  second  period  of  vol- 
canic activity.     The  lava  is  in  heavy  beds  presenting 
Cliffs.  ^  ftrche(j  appearance,  suggesting  strongly  that  the 

Elevation  6,829  feet.     iava  was  p0ure(j  out  in  thick  viscous  layers  which 

Kansas  City  1,280 miles.  . r  ,  J 

were  finally  bent  upward  by  the  pushing  of  some 
central  force  at  or  toward  the  end  of  the  period  of  eruption.  That 
this  range  has  been  considerably  upthrust  is  further  indicated  by 
the  presence  of  some  large  uplifted  masses  of  the  sedimentary  rocks 
of  the  plateau  along  its  east  side.  In  this  uplift  are  exposed  the 
Redwall  limestone,  the  red  sandstone  of  the  Supai  formation,  the 
Coconino  sandstone,  and  the  Kaibab  limestone,  all  dipping  steeply 
eastward  with  the  relations  shown  in  figure  25. 

Half  a  mile  south  of  Cliffs  there  are  some  remarkable  sink  holes  in 
the  bottom  of  the  valley,  known  as  the  Bottomless  Pits  (PI.  XXVIII). 
They  form  the  entrance  to  a  cavern  in  the  Kaibab  limestone  made 
by  the  solvent  action  of  water  on  the  limestone  in  its  passage  under- 
ground through  joints  and  fissures  to  outlets  in  the  depths  of  Walnut 
Canyon,  a  few  miles  south. 
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Along  the  wails  of  this  canyon,  5  miles  southeast  of  Cliffs,  is  a  well- 
known  group  of  cliff  dwellings,  shown  in  Plate  XXIX,  A.  They  be- 
longed to  Indians  of  a  race  that  existed  many  centuries  ago  and  lived 
hidden  in  these  canyons.  They  built  stone  houses  under  the  over- 
hanging ledges  of  limestone  a  hundred  feet  above  the  stream  bed. 
These  ledges  are  due  to  the  variations  in  hardness  of  the  beds  of 
Kaibab  limestone,  the  soft  beds  weathering  away,  leaving  the  hard 
beds  in  the  form  of  ledges.  One  soft  bed  in  particular  which  has 
weathered  out  along  both  sides  of  Walnut  Canyon  for  some  distance 
gave  the  Indians  an  excellent  site  for  many  houses  of  this  character. 
It  has  been  estimated  that  1,000  persons  lived  in  these  cliff  dwell- 
ings, which  are  easily  accessible  by  an  excellent  carriage  road  from 
Flagstaff,  the  principal  town  of  this  region. 

A  short  distance  beyond  milepost  342  the  railway  passes  along  the 
north  edge  of  a  small  lava  field  occupying  a  valley,  and  in  slopes  north 
of  the  track  is  an  outlying  mass  of  the  red  Moencopie  sandstone,  which 
extends  for  a  mile  and  a  half,  or  nearly  to  Flagstaff.  The  sandstone 
is  overlain  by  an  older  sheet  of  lava  (basalt),  which  caps  the  mesa 
northeast  of  Flagstaff.  This  sandstone  has  been  extensively  quarried 
a  few  rods  north  of  milepost  343,  furnishing  a  beautiful  red  stone 
which  has  been  used  at  many  places  in  the  West,  notably  in  the 
Brown  Palace  Hotel,  Denver,  and  the  city  hall  at  Los  Angeles. 

Flagstaff  is  a  growing  city,  largely  sustained  by  the  lumbering 
business  and  surrounding  ranches.     It  was  named  from  a  pole  set  by 

a  party  of  immigrants  who  camped  near  by  and  cele- 
Flagstaff.  brated  the  Fourth  of  July.     Formerly  it  was  the 

Elevation  6,806  feet,     point  of  departure  for  stages  for  the  Grand  Canyon, 
Kanaascity  1,265 miles.  60  miles  to  the  northwest,  but  this  service  has  been 

mostly  superseded  by  the  railway  line  from  Williams. 
An  excellent  road,  however,  has  been  built  to  the  canyon.  It 
passes  around  the  east  side  of  the  Elden  and  San  Francisco  moun- 
tains to  a  poiht  near  Sunset  Peak  and  thence  north  across  the  vol- 
canic field  and  plateau,  reaching  the  edge  of  the  canyon  at  Grand- 
view.  When  conditions  are  favorable  this  trip  can  be  made  in  five 
or  six  hours  by  automobile. 

There  are  large  lumber  mills  at  Flagstaff  deriving  much  of  their 
supply  from  the  pine  timber  of  the  Coconino  National  Forest,  which 
they  purchase  "on  the  stump' '  from  the  Government.  In  accord- 
ance with  the  regulations  of  the  Forest  Service,  only  the  mature 
trees  are  cut.  The  average  age  of  old  pine  trees  in  the  Coconino 
Forest  has  been  determined  to  be  348  years,  but  some  have  been  found 
as  old  as  520  years,  dating  back  a  century  before  the  first  visit  of 
Columbus  to  America.  Recent  investigations  made  to  ascertain  rain- 
fall conditions  in  the  past  as  indicated  by  variations  in  rings  of  growth 
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in  trees  show  marked  changes'  in  climate  in  alternating  long  cycles  of 
drier  and  more  rainy  periods. 

On  the  edge  of  the  high  mesa  in  the  western  part  of  Flagstaff  is  the 
Lowell  Observatory,  which  is  equipped  with  an  especially  fine  tele- 
scope through  which  Dr.  Percival  Lowell  and  his  assistants  hare 
made  their  famous  observations  on  the  planet  Mars.  The  clear, 
steady  air  of  this  high  altitude  is  particularly  favorable  for  astronom- 
ical work. 

The  peaks  of  the  San  Francisco  Mountains'  are  prominent  from 
Flagstaff,  and  the  trip  to  their  summit  can  easily  be  made  on  horse- 
back from  that  place.  The  region  from  these  mountains  to  Gila 
River  was  the  domain  of  the  Apaches  (Pinal  Coyote)  until  their 
final  surrender  through  the  efforts  of  Gen.  Crook  and  Gen.  Miles 
in  1886.  At  one  time  the  San  Francisco  Mountains  were  the  refuge 
of  the  Havasupai  Indians,  who  fled  there  when  driven  from  their 
home  on  the  Little  Colorado.  These  Indians  are  the  only  ones 
among  the  Yuman  tribes  who  had  a  culture  similar  to  that  of  the 
Pueblo  people  farther  east.  A  number  of  ruins  are  ascribed  to  them 
as  far  south  as  the  Rio  Verde,  in  central  Arizona,  and  the  early  name 
Cosnino,  by  which  this  tribe  was  known,  has  been  applied  to  many 
features  in  this  region.  They  now  live  in  Cataract  Canyon,  60  miles 
northwest  of  Williams. 

West  of  Flagstaff  the  train  continues  to  climb  up  the  plateau  slope. 
In  this  vicinity  the  Kaibab  limestone  is  mostly  covered  by  lavas  of 
various  kinds,  but  its  surface  appears  for  a  short  distance  in  a  de- 
pression just  west  of  Flagstaff.  For  the  first  5  miles  west  the  railroad 
passes  along  the  southern  foot  of  a  mesa  consisting  of  a  light-gray 
lava  Qatite),  poured  out  over  the  surface  in  a  thick  mass  during  the 
second  period  of  volcanic  activity. 


'The  structure  of   these  mountains  is  I  These  rocks  appear  to  lie  on 
-howu  in   figure  26.     They  consist  of  a  |  platform  of  the  plateau,  but  the  beds  may 


thick  pile  of  latite  tying  on  a  sheet  of  I  be  upturned,  and  possibly  some  Moen- 
earlier  basalt  and  overlain  by  flows  of  ropie  sandstone  may  underlie  the  central 
other  lava,  mainly  dai'ite  and  andeeite.  !  mass  of  latite. 
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Just  east  of  Riordan  siding,  eight-tenths  of  a  mile  beyond  mill 
350,  the  Arizona  Divide  is  crossed  at  an  altitude  of  7,311  feet, 

highest  point  reached  by  the  railway  on  the  plal 

At  this  place  and  westward  to  and  beyond  Wi 
K^^tyll^es.^6  surface  is  dark  lava  (basalt)  of  somewhat  i 

ular  configuration,  with  many  large  cinder 
on  every  side. 

Bellemont  is  in  a  wide  "park"  or  open  space  in  the  forest,  nei 
southern  edge  of  one  of  the  large  lava  flows.     A  short  distance 

south,  where  the  lava  lies  on  limestone,   thei 
Bellemont  copious  springs  of  exceptionally  good  water. 

Elevation  7fi32  fwt     water  is  derived  from  rain  and  melting  snow  01 
Kaasasckyi^nmiies.  surface  of  the  lava.     It  percolates  through  the 

rock  to  the  underlying  limestone  and  flows  ala 
surface  of  the  limestone  to  its  outcrop.     It  is  pumped  to  the  s 
and  used  on  the  railway.     On   a  well-watered  flat   north  of 
station  is  probably  the  heaviest  stand  of  timber  in  Arizona  op 
Mexico. 

At  Nevin  siding,  2  miles  west  of  Bellemont,  a  small  cinder  con 
afforded  the  railway  company  a  supply  of  ballast  which  has 
used  on  the  tracks  for  many  miles  to  the  east  and  west.     The 
which  is  north  of  the  siding,  is  large  and  presents  an  especially 
section  through  the  cone.     The  principal  working  face,  nearly  100 
high,  shows  thick  beds  of  cinders  with  large  numbers  of  scat 
bombs  of  various  sizes  and  flattened  masses  of  lava  which  have 
thrown  out  bodily.     The  vent  from  which  all  this  material  was  ej 
has  not  been  exposed  by  the  excavations.     As  in  many  other  c< 
much  of  the  material  is  red,  owing  to  the  oxidation  of  the  iron  wl 
the  lava  contains.     This  oxidation  develops  more  extensively  in 
cinder  or  bombs  than  in  the  solid  basalt,  for  air  and  water, 
facilitate  the  oxidation,  have  more  complete  access  to  material 
is  in  the  porous  form. 

South  of  Nevin  is  Volunteer  Mountain,  a  very  large  pile  of  cini 
including  some  hard  layers  which  appear  to  have  been  mud  flows 
consist  of  cinders  that  evidently  ftowed  out  mixed  with  more  or 
water  and  are  now  cemented  into  a  porous  rock.     There  are  01 
thick  piles  of  cinders  to  the  north  and  northwest  of  Nevin  and  Mi 
From  Bellemont  westward  at  intervals  to  and  beyond  Maine 
sheet  19,  p.  122)  there  are  excellent  views  of  Kendrick  Peak,  whi 

12  miles  north  of  Bellemont,  and  of  Mount  Sitgrea1 
Maine.  which  is  8  miles  northwest  of  Maine.     These  p 

Elevation  7,084  feet.     are  due  to  thick  masses  of  lavas  of  the  viscous 

Kansas  City  1,283  miles.  ,         ,     ,      .  .,  ,  •     j      # 

poured  out  durmg  the  second  period  of  eruption 
rising  high  above  the  plain  of  older  basalt.     The  mass  culminating] 
Mount  Sitgreaves  consists  mainly  of  rhyolite;  the  principal  rod 
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Kendrick  Peak  are  andesite  and  dacite.  Mount  Sitgreaves  received 
its  name  from  an  Army  officer  who  explored  this  country  in  order  to 
find  a  suitable  line  for  a  road  to  the  West.  He  crossed  from  Zuni 
by  way  of  the  San  Francisco  Mountains  to  the  Colorado  above 
Mohave  River. 

From  Maine  to  Williams  there  are  to  the  north  and  south  many 
large  cinder  cones,  mostly  of  red  color.  To  the  southwest  rises  Bill 
Williams  Mountain,  named  for  a  noted  trapper  who  was  originally  a 
Methodist  preacher  in  Missouri.  He  lived  with  many  Indian  tribes 
and  learned  their  language,  an  accomplishment  which  made  him 
useful  as  a  guide,  and  he  was  with  Gen.  Fremont  in  his  expedition. 
He  was  finally  killed  by  Indians  while  trading  with  them. 

Bill  Williams  Mountain  is  a  huge  isolated  pile  of  andesite  and 
dacite  of  the  second  stage  of  eruption,  forming  a  prominent  landmark 
for  many  miles  in  all  directions.  It  is  a  short  distance  south  of 
Williams  and  rises  to  an  altitude  of  9,642  feet.  Some  of  the  same 
kind  of  rock  as  that  of  which  the  mountain  consists  is  exposed  in  the 
railway  cut  a  short  distance  east  of  Williams. 

Williams  is  a  growing  village  sustained  very  largely  by  the  lumber 
industry  and  numerous  neighboring  ranches.     Several  large  mills  cut 

into  lumber  logs  brought  from  the  west  side  of  the 
Williams.  Tusayan  National  Forest,  a  reservation  covering  the 

Elevation  6,762  feet,  western  part  of  the  great  forest  beginning  east  of 
KMaasaryi^miies.  Flagstaff,  of  which  the  Coconino  National  Forest  is  the 

eastern  part.  The  hotel  at  Williams,  the  Fray 
Marcos,  was  named  from  Marcos  de  Niza,  who  was  the  provincial 
father  of  the  order  of  Franciscans  in  New  Spain.  He  made  an 
expedition  into  this  unknown  country  in  1539,  guided  by  the  negro 
Estcvan,  who  had  accompanied  Cabeza  de  Vaca  in  his  earlier  expe- 
dition from  the  Gulf  of  Mexico  across  what  is  now  the  southern 
border  of  the  United  States  and  who,  on  meeting  the  Spanish  con- 
quistadores  in  Sinaloa,  aroused  their  interest  in  the  exploration  of 
this  region.  Estevan  went  ahead  into  Cibola  (Zuni)  and  was  slain, 
the  Indians  doubting  his  story  that  white  men  were  following  him, 
because  he  was  black.  On  hearing  of  Estevan's  fate  Fray  Marcos 
retreated  to  Mexico,  but  he  returned  the  next  year  as  guide  and 
spiritual  director  of  Coronado's  expedition. 

[The  itinerary  westward  from  Williams  is  continued  on  p.  131.] 
WILLIAMS  TO   GRAND   CANTON. 

From  Williams  a  branch  of  the  Santa  Fe  Railway  runs  nearly  due 
north  63.8  miles  to  the  Grand  Canyon.  In  the  first  part  of  its  course 
this  line  passes  over  a  rolling  plateau  of  black  lava  (basalt)  with 
numerous  cinder  cones  on  all  sides.  One  notably  large  cone  of  bright- 
red  color  is  7  miles  north  of  Williams,  and  there  is  another  one  10 
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miles  north.  Between  mileposts  13  and  15  the  Kaibab  limeston 
which  underlies  the  lava,  appears  at  the  surface  in  several  locality 
but  the  irregular  margin  of  the  lava  extends  to  milepost  18.  Froi  -i 
several  points  there  are  excellent  views  of  Mount  Sitgreaves  to  tj  ^ 
east  and  Kendrick  Peak  to  the  northeast.  j 

Beyond  milepost  18  the  entire  surface  is  Kaibab  limestone,  whii 
constitutes  most  of  the  great  Arizona  Plateau.    This  limestone  riaj 
gradually  northward  to  the  rim  of  the  Grand  Canyon  and  is  trench^ 
at  intervals  by  small  valleys  opening  westward,  and  draining  in 
Cataract  Creek,  a  stream  which  flows  into  the  Grand  Canyon  60  mi 
to  the  northwest.    In  this  region  the  plateau  does  not  bear  the  p 
forest  which  is  so  characteristic  of  it  farther  east,  and  even 
junipers  and  pifions  are  widely  scattered,  much  of  the  surface  be 
covered  by  small  brush.     This  change  is  due  to  diminished  rainf 
for  the  other  conditions  are  identical  with  those  found  farther  e 
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Figure  27.— Section  through  Red  Butte,  near  Grand  Canyon,  Arte. 

From  points  near  milepost  40  (see  sheet  19a,  p.  130)  Red  Butte  i 
conspicuous  feature,  rising  about  850  feet  above  the  plateau  a  f 
miles  east  of  the  railway.    As  shown  in  figure  27,  this  butte  is 
isolated  pile  of  gray  and  red  shales,  red  sandstone,  and  conglomera*"^  l 
protected  by  a  125-foot  cap  of  black  lava  (basalt).    The  preservati 
of  these  beds  in  this  butte  is  of  great  interest,  for  it  shows  t 
younger  rocks  formerly  covered  the  Kaibab  limestone  of  the  plateau  v  a 
to  a  thickness  of  at  least  800  feet.    These  rocks  have  been  remov 
by  erosion  over  the  wide  area  extending  to  Sunset  and  Winslow 
the  east,  and  to  the  Vermilion  Cliffs,  far  north  of  the  Grand  Canyo; 
as  well  a3  for  an  undetermined  distance  to  the  west  and  soutfl.  ^ 
The  small  remnant  remaining  in  Red  Butte  has  been  protected 
hard  basalt,  probably  a  local  outflow  of  lava  of  no  great  extent. 

By  the  presence  of  this  outlier  it  is  possible  to  recognize  some 

the  geographic  conditions  existing  at  a  time  when  the  plateau  w 

developed  on  the  surface  of  higher  strata  than  it  is  at  present  an 

when  it  may  have  been  as  extensive  and  as  level  as  now.    A  fetf — 

other  outliers  of  these  rocks  overlying  the  Kaibab  limestone  at  several 

points  on  the  plateau  help  to  show  that  originally  the  rocks  of  which! 

they  consist  extended  over  a  wide  region  south  of  the  Grand  Canyon*'! 
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Anita  is  a  small  siding  from  which  considerable  copper  ore  was 
shipped  some  years  ago.  The  mines  were  4  miles  to  the  northeast. 
The  copper  ore  occurs  in  irregular  masses  in  the  Kaibab  limestone. 
It  has  been  brought  by  underground  solutions  and  deposited  in  part 
as  a  replacement  of  the  limestone  and  in  part  in  crevices  and  fissures 
in  that  rock. 

At  milepost  50,  near  Hopi  siding,  junipers  and  pifLons  appear  more 
abundantly,  and  toward  the  edge  of  the  canyon  they  constitute  a 
thick  growth  at  most  places  and  in  parts  of  the  region  east  of  the 
railway  make  a  forest  of  considerable  extent.  From  Hopi  northward 
ledges  of  Kaibab  limestone  become  conspicuous.  The  beds  dip  to  the 
south  at  a  very  low  angle,  which  is  hardly  perceptible  to  the  eye. 
Owing  to  this  tilt  in  the  beds,  they  rise  toward  the  canyon  and 
northward.  The  railway  terminus  is  in  a  small  depression  a  few  rods 
south  of  the  brink  of  the  Grand  Canyon. 

x^o  hotels  are  built  on  the  edge  of  a  deep  alcove  that  affords  a 
superb  view  into  the  Grand  Canyon  and  across  it  to  the  great  Kaibab 

Plateau  on  the  north  side.  Few  persons  can  realize 
Grand  Canyon.  on  a  fijgt  view  of  the  canyon  that  it  is  more  than  a 
Ewatfon  6,866  feet,     mile  deep  and  from  8  to  10  miles  wide.    The  cliffs 

Population  299*  j  i»  x       »A       j       At        »  •  #  -l 

K&nsascity  i^63  mfles.  descending  to  its  depths  form  a  succession  of  huge 

steps,  each  300  to  500  feet  high,  with  steep  rocky 
slopes  between.  The  cliffs  are  the  edges  of  hard  beds  of  limestone 
or  sandstone;  the  intervening  slopes  mark  the  outcrops  of  softer  beds. 
This  series  of  beds  is  more  than  3,600  feet  thick,  and  the  beds  lie 
nearly  horizontal.  Far  down  in  the  canyon  is  a  broad  shelf  caused 
by  the  hard  sandstone  at  the  base  of  this  series,  deeply  trenched  by  a 
narrow  inner  canyon  cut  a  thousand  feet  or  more  into  the  underlying 
"granite."  (See  PI.  XXXIII,  p.  127.)  The  rocks  vary  in  color  from 
white  and  buff  to  red  and  pale  green.  They  present  a  marvelous 
variety  of  picturesque  forms,  mostly  on  a  titanic  scale,  fashioned 
mainly  by  erosion  by  running  water,  the  agent  which  has  excavated 
the  canyon. 

The  great  river  which  has  made  its  course  in  this  deep  canyon  is 
the  Colorado,  one  of  the  largest  rivers  of  North  America,  which  rises 
in  the  Rocky  Mountains  in  Colorado  and  Wyoming  and  empties  into 
the  Gulf  of  California.  In  the  Grand  Canyon  it  is  a  stream  about  300 
feet  wide  and  30  feet  deep  at  mean  stage  and  flows  with  a  mean 
velocity  of  about  2  miles  an  hour;  the  discharge  at  this  stage  is  26,400 
cubic  feet  a  second.  At  flood  stages,  in  May,  June,  or  July,  the  depth 
may  reach  100  feet,  and  the  velocity  and  volume  are  greatly  increased. 
In  its  course  of  42  miles  through  the  central  part  of  the  canyon  the 
river  falls  about  500  feet,  or  12  feet  to  the  mile.  The  water  contains 
much  sediment,  and  in  time  of  flood  not  only  carries  a  large  quantity 
of  sand  and  clay  but  moves  a  considerable  amount  of  rock  down- 
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stream.1  Every  rain  fills  the  side  canyons  with  rushing  torrents, 
which  carry  into  the  river  a  heavy  load  of  d6bris  washed  from  the 
adjoining  slopes.  It  has  been  by  this  means  that  the  canyon  was 
excavated,  and  the  deepening  and  widening  process  is  still  in  active 
operation.  It  began  at  the  surface  of  the  plateau  and  it  will  continue 
until  the  river  reaches  a  grade  so  low  that  it  can  no  longer  move  the 
debris;  meanwhile  the  side  streams  will  cut  away  the  adjoining  slopes 
and  the  canyon  will  widen  until  it3  sides  become  gentle  slopes. 
Under  present  conditions  this  will  require  a  million  years  or  more. 
The  formations  exposed  in  the  walls  of  the  Grand  Canyon  are  the 
rocks  which  underlie  the  Arizona  Plateau,  and  most  of 
them  extend  far  beyond  that  province.  The  first  3,600 
feet  of  beds,  all  of  which  he  nearly  horizontal,  are  as  follows: 

Strata  above  granite,  in  walls  of  Grand  Canyon  (beginning  at  brink  of  the  canyon). 

Feet. 
Limestone,  light  colored,  partly  cherty,  mostly  massive  (Kaibab) .      700 

Sandstone,  light  gray,  massive,  cross-bedded  (Coconino) 300 

Sandstones  and  shales,  all  red  (Supai  formation) 1, 100 

Limestone,  light  blue-gray,  massive,  surface  mostly  stained  red 

(Redwall) 650 

Shale,  with  limestone  and  sandstone  layers \  r    800 

Sandstone,  hard,  dirty  gray  to  buff  (on granite)/Tonto group ""{    150~ 

These  formations  are  readily  recognized  by  their  color  or  character, 
as  they  are  practically  uniform  in  aspect  and  relative  position  from 
all  points  of  view.  (See  PI.  XXXII,  p.  126.)  The  top  limestone, 
which  caps  the  great  plateaus  on  both  sides  of  the  canyon,  has  been 
removed  in  whole  or  in  part  from  some  of  the  promontories  and 
buttes  that  project  into  the  canyon;  the  Coconino,  Supai,  or  Redwall 
bed3  have  been  removed  from  the  lower-lying  features.  The  out- 
cropping edge  of  the  Coconino  sandstone2  is  marked  by  a  distinct 
band  of  light-gray  rock  all  along  the  canyon  walls  700  to  800  feet 
below  the  top.     The  red  beds  of  the  Supai  formation s  everywhere 


1  A  very  large  amount  of  material  is 
removed  from  the  land  and  carried  to  the 
oceans  by  all  rivers.  Careful  estimates 
based  on  analyses  of  river  waters  and 
measurements  of  volume  of  flow  have 
shown  that  in  a  year  the  rivers  of  the 
United  States  carry  to  tidewater  513,000,- 
000  tons  of  sediment  in  suspension  and 
270,000,000  tons  of  dissolved  matter. 
The  total  of  783,000,000  tons  represents 
more  than  350,000,000  cubic  yards  of 
rocks,  or  a  cube  of  about  two-fifths  of  a 
mile. 

2  This  sandstone  also  caps  many  buttes 
such  as  I s is,  Osiris,  and  Manu  temples, 


and  Angels  Gate,  as  well  as  Buddha, 
Zoroaster,  Brahma,  Deva,  and  Vishnu 
temples  and  other  similar  features  on 
which  more  or  less  of  the  overlying  lime- 
stone remains. 

3  Such  features  as  O'Neill  Butte,  New- 
ton Butte,  Tower  of  Set,  Tower  of  Ra, 
Horns  Temple,  Rama  Shrine,  Lyell 
Butte,  and  Sagittarius  Ridge  consist  of 
the  Supai  formation.  It  also  is  con- 
spicuous in  the  slopes  of  many  great 
ridges  capped  by  higher  beds,  such  as 
Shiva  Temple,  Wotan's  Throne,  Brahma 
Temple,  Osiris  Temple,  Zoroaster  Tem- 
ple, and  Vishnu  Temple. 
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constitute  the  middle  slopes  of  the  canyon  walls,  usually  presenting  a 
great  series  of  terrace-like  steps  of  red  sandstone.  These  steps  are 
caused  by  the  projection  of  harder  layers  of  sandstone.  The  Redwall 
limestone  1  forms  a  conspicuous  cliff  at  the  foot  of  the  Supai  slopes. 
The  rock  is  hard  and  massive,  and  its  resistance  to  erosion  makes 
it  a  prominent  feature  in  the  canyon.  Its  surface  is  stained  red  by 
wash  and  drippings  from  the  overlying  red  shales. 

The  Redwall  and  the  overlying  Supai,  Coconino,  and  Kaibab  beds 
represent  the  greater  part  of  the  Carboniferous  period.  (See  p.  ii.) 
The  Supai,  Coconino,  apd  Kaibab  are  of  about  the  same  age  as  the 
limestones  along  the  Santa  Fe  line  from  Kansas  City  to  Strong  City, 
Kans.,  but  there  is  a  marked  difference  in  their  character. 

The  Tonto  group,  below  the  Redwall,  consists  of  800  feet  of  shales, 
largely  of  greenish  color,  and  a  basal  sandstone  averaging  150  feet 
in  thickness.  This  group  is  very  much  older  than  the  Redwall,  and 
though  at  their  contact  the  beds  of  the  one  are  practically  parallel  to 
the  beds  of  the  other,  there  is  a  hiatus  here  which  represents  a  very 
considerable  portion  of  geologic  time  not  represented  by  rocks  in 
this  region  but  recorded  by  many  thousand  feet  of  rocks  in  other 
portions  of  North  America  and  in  other  countries.  The  shales  make 
a  long  slope,  interrupted  by  some  subordinate  ledges  of  limestone 
and  sandstone,  descending  to  a  pronounced  shelf  of  the  sandstone, 
called  the  Tonto  Platform.  This  slope  and  the  wide  shelf  at  its  foot 
are  both  very  characteristic  and  easily  recognized  features  extend- 
ing along  the  lower  slopes  of  the  Grand  Canyon. 

For  many  mile3  this  shelf  of  sandstone  of  the  Tonto  group  is  cut 
through  by  the  steep  inner  gorge  (shown  in  PI.  XXXIII,  p.  127),  which 
descends  to  the  river,  800  to  1,000  feet  below,  and  exposes  the  under- 
lying granite  and  gneiss  in  very  dark  rugged  ledges.  These  rocks 
are  part  of  the  old  earth  crust,  which  has  been  subjected  to  great  heat 
and  pressure.  Later  in  its  history  its  surface  was  worn  down  to  a 
plane  upon  which  were  deposited  thick  beds  of  sand,  clay,  and  other 
materials.  In  a  wide  area  the  basal  sandstone  of  the  Tonto  lies 
directly  on  the  smooth  surface  of  this  schist  and  granite,  but  in  some 
places,  notably  in  the  broad  part  of  the  canyon  northeast  of  Grand- 
view,  in  Shinumo  basin,  in  part  of  Bright  Angel  Canyon,  in  Ottoman 
and  Hindu  amphitheaters,  and  in  the  ridges  extending  northwest  and 
southeast  from  a  point  near  the  mouth  of  Bright  Angel  Creek  other 
rocks  lie  between  the  granite  and  the  Tonto  rocks.  These  are  a 
succession  known  as  Grand  Canyon  series,  comprising  the  Unkar 
and  Ghuar  groups,  all  named  from  localities  in  the  canyon  where  they 


1The  Redwall  limestone  projects  in 
many  flat-topped  spurs  and  buttresses 
and  constitutes  outliers  isolated  by  ero- 

97579°— Bull.  613—15 9 


sion,  such  as  Cheops  Temple,  Newberry 
Butte,  and  Sheba  Temple,  which  form 
striking  topographic  features. 
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are  well  exposed.  Their  thickness  is  12,000  feet  or  more  and  the  beds 
dip  at  moderately  steep  angles.  Their  surface  has  also  been  worn 
off  to  a  rolling  plain,  with  many  local  hills  on  which  lie  the  shales  of 
the  Tonto  group.  The  Unkar  group,  which  is  the  one  exposed  from 
most  points  of  view,  consists  of  a  succession  of  basal  conglomerates, 
dark  limestone  in  thick  beds,  bright-red  shales,  heavy  quartzites,  and 
brown  sandstones.1  This  succession  of  rocks  is  plainly  visible  in 
Bright  Angel  Canyon  and  in  the  ridge  culminating  in  Cheops  Pyramid 
(see  PI.  XXX),  also  in  a  wide  area  along  the  river  in  the  region 
northeast  of  Grandview  Point. 

Many  interesting  features  of  the  geologic*  history  of  the  plateau 
region  are  recorded  in  the  rocks  of  the  Grand  Canyon,  and  a  summary 
of  these  records  is  given  below.2 


1  Theee  rocks  have  been  named  Hotauta 
conglomerate,  Bass  limestone,  Hakatai 
shale,  Shinumo  quartzite,  and  Dox  sand- 
stone. 

3  The  granite  and  gneiss  at  the  bottom 
of  the  canyon  are  part  of  the  oldest  group 
of  rocks  constituting  the  earth's  crust. 
The  gneiss,  which  is  the  older,  is  in  nearly 
vertical  layers.  It  has  been  subjected  to 
great  heat  and  pressure,  and  into  it  the 
granite  was  forced  in  a  molten  state. 
Later  the  surface  of  these  rocks  was  eroded 
to  a  plain  by  running  water. 

The  next  event  of  which  there  is  evi- 
dence was  the  submergence  of  this  plain 
and  the  deposition  in  water,  of  varying 
depth,  of  a  thick  series  of  sediments  now 
represented  by  the  12,000  feet  or  more  of 
sandstone,  limestone,  and  shale  consti- 
tuting the  Unkar  and  Chuar  groups. 
These  strata  are  believed  to  represent  the 
Algonkian  period  (see  p.  ii),  the  earliest 
in  which  remains  of  life  have  been  found. 
Several  million  years  was  required  for  the 
accumulation  of  these  sediments.  The 
materials  of  the  limestone  were  laid 
down  in  the  sea,  those  of  the  sandstone 
on  beaches  and  along  streams,  and  those 
of  the  shale  mostly  in  estuaries. 

Next  there  was  extensive  uplifting  of 
the  earth's  crust,  with  tilting  and  faulting 
of  the  rocks.  Erosion  then  swept  away 
a  large  amount  of  the  Unkar  and  Chuar 
sediments,  and  over  wide  areas  they  were 
all  removed .  In  figure  28  are  shown  some 
conditions  of  this  sequence  of  events,  as 
indicated  by  the  relations  of  the  rocks  on 


the  north  side  of  the  river  opposite  El 
Tovar. 

When  the  surface  was  reduced  to  a  roll- 
ing plain  with  a  few  hills  rising  in  places, 
there  was  another  submergence  by  the 
sea,  which  deposited  the  sediments  of 
the  Tonto  group.  First  the  sand  was  de- 
posited over  the  smooth  granite  surface 
(as  shown  by  the  heavy  line  in  fig.  28,  B). 
With  deepening  waters  or  diminishing 
force^of  the  currents,  the  clay  now  repre- 
sented by  the  shale  of  the  Tonto  group 
was  laid  down,  soon  burying  the  islands 
of  Unkar  and  Chuar  rocks  and  accumu- 
lating to  a  thickness  of  800  feet  or  more. 
Remains  of  life  in  these  rocks  indicate 
that  they  represent  a  portion  of  later 
Cambrian  time.  The  conditions  in  this 
region  during  the  next  three  long  and 
very  important  geologic  periods  are  not 
known,  for  their  representatives  are  ab- 
sent except  a  small  amount  of  the  De- 
vonian rocks  found  at  one  or  two  places. 
The  sea  may  have  laid  down  here,  during 
those  periods,  deposits  of  great  thickness, 
which  were  later  uplifted  into  land  areas, 
so  that  they  were  removed  by  streams 
and  other  agents  of  erosion. 

In  early  Carboniferous  time,  the  period 
characterized  in  other  parts  of  the  world 
by  the  accumulation  of  the  older  coal- 
bearing  deposits,  the  entire  region  was 
submerged  by  the  sea,  which  deposited 
calcium  carbonate  in  nearly  pure  condi- 
tion, now  represented  by  500  feet  or  more 
of  the  Red  wall  limestone.  Much  calc  ium 
is  carried  into  the  sea  by  streams,  and  its 
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A  fairly  complete  idea  of  the  Grand  Canyon  can  be  obtained  by 

observation  for  a  few  hours  from  the  rim   near  the  hotels.     It  is 

much  more  satisfactory,  however,  to  go  to  Hopi  and 

•m  e*  Yavapai  points  and  down  to  the  river,  or  at  least 

to  the  Tonto  Platform.  A  visit  to  Grandview  Point  fPls.  XXXI 
and  XXXII)    adds   greatly  to   the  completeness  of  the   trip,  and 


separation  iseffected  by  organisms  of  vari- 
ous kinds  as  well  as  by  chemical  reactions 
not  connected  with  life.  This  deep  sub- 
mergence was  succeeded  by  shallow  water 
in  which  the  red  muds  and  sands  now 
represented  by  the  Supal  formation  were 
laid  down  to  a  thickness  of  a  thousand 
loot  or  more.  Where  these  sediments 
came    from    and    the   conditions   under 


coarse  gray  Coconino  nandstone  usually 
ties  directly  on  the  soft  red  shale  at  the 
top  of  the  Supai  formation.  The  sand  of 
which  it  is  formed  was  hud  down  on 
beaches  and  in  places  where  there  were 
strong  currents,  for  the  grains  are  clean 
and  light  colored  and  the  extensive  crass- 
bedding  (see  PI.  XXIX,  B,  p.  119)  indi- 
cates that  there  were  vigorous  currents  in 


Kiocbb  28.— Ideal  wctlonsol  Uulled  blocks ol  L'ntstr  rocks  in  Grand  Canyon,   Aili.  A, L'pliiiel  blocks 
that  have  been  removed  by  erosion:  B,  rocks  of  Tonto  group  deposited  on  surface  of  Unkar  group  and 


which  they  Were  deposited  are  not  known, 
but  undoubtedly  they  were  derived  from 
land  surfaces  not  far  away,  where  gran- 
ites, limestones,  and  other  rocks  were 
decomposing  and  yielding  red  muddy 
sediments  to  streams  flowing  out  across 
the  area  of  Supai  deposition. 

Thechange  to  the  deposition  of  theCoco- 
nino  beds  was  a  very  decided  one,  for  the 


various  directions.  Such  a  deposit  usu- 
ally accumulates  rapidly,  bo  probably  the 
300  feet  of  sandstone  represents  a  rela- 
tively short  space  of  geologic  time. 

This  epoch  was  terminated  abruptly 
by  deeper  submergence  due  to  a  long- 
continued  subsidence  of  the  region,  and 
in  the  extensive  sea  thus  formed  was  laid 
down  the  thick  deposit  of  calcium  car- 
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the  Hermit  trail  is  very  interesting.  The  descent  down  the  trails 
to  the  river  is  especially  helpful  in  affording  a  sense  of  the  scale 
of  the  canyon  and  giving  opportunity  to  inspect  the  rocks  at  close 
range.  There  is  neither  difficulty  nor  danger  in  the  journey.  The 
Bright  Angel  trail  descends  at  El  Tovar  by  a  great  series  of  zigzags 
following  the  course  of  a  very  old  Indian  footpath.  For  the  first  700 
feet  it  goes  down  the  irregular  ledges  of  Kaibab  limestone,  the  base 
of  which  is  reached  at  the  entrance  to  a  small  tunnel  through  which 
the  trail  passes.  At  this  place  there  is  a  fault  by  which  the  rocks  to 
the  west  are  lifted  125  feet  higher  than  they  are  to  the  east.  The 
plane  of  this  fault  is  at  the  entrance  to  the  tunnel.  The  relations 
are  shown  in  figure  29. 

The  character  of  this  massive  cross-bedded  rock  is  well  shown  in 
the  cliff  just  west  of  the  fault.  Next  below  are  red  shales  and  red 
sandstones  of  the  Supai  formation,  1,100  feet  thick,  extending  to  the 
top  of  a  cliff  of  Redwall  limestone,  550  feet  thick,  down  which  the 
trail  winds  in  a  tortuous  course.  Thence  the  trail  goes  down  slopes 
of  shale  of  the  Tonto  group  to  the  Indian  Gardens,  where  a  spring  has 
made  an  oasis  formerly  utilized  by  Indians.  Not  far  beyond  is  the 
platform  or  broad  terrace  caused  by  the  basal  sandstone  of  the  Tonto 
group  making  a  wide  shelf  through  which  the  main  gorge  is  cut  1 ,000 
feet  deep  into  the  granite.  (See  PI.  XXXIII.)  On  the  north  side 
of  the  river  is  a  great  mass  of  dark  sandstone,  red  shale,  and  limestone 
of  the  Unkar  group,  overlain  by  shale  of  the  Tonto  group  farther 
back.  These  Unkar  rocks  are  twisted  and  faulted  but  in  general  dip 
to  the  north  at  a  moderate  angle,  as  shown  in  figure  30  (p.  130). 

From  Hopi  and  Yavapai  points,  which  are  within  2  miles  of  the 
hotels,  there  are  superb  views  up  and  down  the  river,  showing  a  great 
succession  of  cliffs,  promontories,  and  buttes  in  endless  variety  of  form, 
with  geologic  relations  most  clearly  exhibited.  They  are  all  shown 
on  sheet  1  9a  (p.  1 30) .     The  cross  sections  in  figure  30  show  the  general 


bonate  now  represented  by  the  Kaibab 
limestone.  The  numerous  shells  in  this 
deposit  are  those  of  animals  that  lived  in 
the  sea.  The  water  probably  was  mod- 
erately deep,  and  it  is  believed  that  the 
limy  sediments  accumulated  very  slowly 
during  a  long  period  of  gradual  subsidence. 
The  time  required  for  the  accumulation 
of  700  feet  of  sediments  of  this  sort  must 
have  been  very  great,  surely  several  mil- 
lion years;  it  continued  for  a  large  part  if 
not  entirely  through  the  later  portion  of 
the  Carboniferous  period. 

Upon  the  Kaibab  limestone,  which  con- 
stitutes the  present  surface  of  the  high 
plateau,  there  were  deposited  many  thou- 


sand feet  of  sandstones  and  other  rocks 
through  Permian,  Meeozoic,  and  Cenosoic 
time.  These  rocks  originally  covered  the 
present  plateau  area  but  were  in  greater 
part  removed  by  erosion  before  the  begin- 
ning of  the  excavation  of  the  canyon. 
Remnants  of  them  may  be  seen  in  Red 
Butte,  not  far  south  of  £1  Tovar;  in 
Cedar  Mountain,  far  to  the  east  on  the 
Coconino  Plateau;  and  in  the  great  line 
of  the  Vermilion  Cliffs,  far  to  the  north, 
beyond  the  Kaibab  Plateau.  Their  re- 
moval required  several  million  years, 
and  most  of  it  was  completed  before  the 
excavation  of  the  present  canyon  was 
begun. 
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features.  From  Grand  view  Point  there  is  an  extended  view  to  the 
east  and  northeast,  to  the  point  where  the  canyon  of  the  Little  Colo- 
rado comes  in.  A  wide  area  in  the  lower  part  of  the  canyon  in  this 
district  is  occupied  by  rocks  of  the  Chuar  and  Unkar  groups. 

If  the  observer  is  impressed  by  the  long  time  required  for  the  exca- 
vation of  the  Grand  Canyon  in  the  slowly  rising  plateau,  let  him  con- 
sider also  the  time  required  for  the  accumulation  of  the  sediments  in 
the  many  thousands  of  feet  of  rocks  in  the  canyon  walls.  He  may 
reflect  also  on  their  vast  area,  for  they  underlie  not  only  the  plateau 
he  sees,  but  also  a  large  part  of  our  continent.     An  inch  of  the  lime- 


FlGUBE  29.  --  Suction  of  racks  exposed  on  Bright  Angel  trail,  Grand  Canyon,  Ark.,  allowing  relations  of 
fault,  and  the  position  of  bench  marts  of  the  United  States  Geological  Survey  (brass  caps  with  eleyat ion 
above  *»  level).  This  fault  and  the  pile  of  debrb  from  the  beds  broken  by  It  has  made  a  trail  practicable 
at  this  place,  lor  generally  the  StKMoot  cliff  of  Coconino  sandstone  Is  inaccessible. 

stone  required  many  years  for  its  deposition,  the  shale  was  mud 
brought  from  distant  lulls  by  turbid  streams  and  spread  in  thin 
layers,  and  the  sands  were  deposited  by  streams  or  spread  on  beaches 
far  from  their  original  sources  in  the  rocky  ledges  of  the  higher  lands. 
It  should  be  noted  also  that  in  the  canyon  section  are  lacking  the 
rocks  which  represent  a  large  part  of  geologic  time  in  other  regions. 
A  very  long  time  was  also  required  for  the  deposition  of  12,000  feet  of 
the  Unkar  and  Chuar  groups  and  the  planation  of  their  surface  and  of 
the  granite  surface  on  which  they  lie.     Probably  this  required  as 
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much  time  aa  is  represented  by  the  horizontal  rocks  in  the  upper  an 
middle  canyon  slopes.  Finally,  a  great  period  of  time  before  all  th' 
is  represented  by  the  granites  and  associated  rocks  exposed  in  tt 
inner  gorge.     They  underlie  the  plateau  and  present  a  chapter  in  11 

earliest  known  hi 
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A  portrait  of  Ma]. 

Powell  and  a  view  of  his  boats  are  given  in  Plate  XXXIV  (p-  128). 
The  hotel  at  Grand  Canyon  was  named  for  Pedro  de  Tovar,  who  was 
ensign  general  of  Coronado's  expedition.     He  and  most  of  his  asso- 
ciates were  men  of  high  social  position,  De  Tovar's  father  being  the 
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guardian  and  lord  high  steward  of  Dofia  Juana,  the  daughter  of  King 
Ferdinand  and  Queen  Isabella,  who  married  Philip  the  Second.  On 
no  other  exploration  were  there  so  many  distinguished  men  as  accom- 
panied Coronado  on  his  dangerous  journey  from  Mexico  into  this 
unknown  land. 

MAIN   LINE   WEST   OF   WILLIAMS. 

From  Williams  (see  sheet  19,  p.  122)  westward  for  some  distance 
Bill  Williams  Mountain  is  a  prominent  feature  south  of  the  railway. 
Cinder  cones  are  in  view  to  the  north,  and  one  of  considerable  size  also 
lies  at  the  foot  of  Bill  Williams  Mountain  a  short  distance  south  of  the 
tracks.  After  passing  Sufjii  siding,  3  miles  west  of  Williams,  the 
train  begins  the  long  d  scent  from  the  high  plateau  of  lava  and  Kaibab 
limestone.  From  Supai  to  Corva  a  new  line  with  an  easier  grade 
has  been  built  for  the  eastbound  trains.  The  lava  (basalt)  extends  to 
the  edge  of  the  plateau  and  for  a  considerable  distance  down  its  west- 
ern slope,  but  the  deeper  canyons  in  the  slope  cut  through  into  the 
Kaibab  limestone. 

There  are  deep  cuts  in  the  basalt  at  the  entrance  to  Johnson  Can- 
yon. This  gorge  affords  an  advantageous  line  of  descent  for  the 
westbound  trains  and  exhibits  many  features  of  interesting  geology 
and  attractive  scenery. 

Halfway  between  mileposts  388  and  389  the  Kaibab  limestone 
appears  under  the  lava,  and  the  train  passes  through  a  tunnel  in  the 
limestone  with  the  lava  cap  not  far  above.  On  leaving  the  tunnel  it 
goes  over  a  long  trestle,  below  which  are  many  cliffs  of  the  limestone, 
most  of  them  with  a  capping  of  lava.  In  the  deep  canyon  to  the 
south  are  some  sink  holes  in  the  limestone,  known  as  the  Bottomless 
Pits,  into  which  the  water  disappears  when  there  has  been  sufficient 
rain  to  develop  a  stream  in  the  canyon.  They  are  similar  in  char- 
acter and  origin  to  the  pits  described  on  page  117. 

A  short  distance  beyond  milepost  390  the  lava  descends  over  the 
limestone  ledges  to  a  level  somewhat  below  that  of  the  bottom  of 
Johnson  Canyon,  and  for  several  miles  west  from  this  place  it  consti- 
tutes a  broad  bench  that  extends  for  some  distance  north  and  south 
of  the  canyon.  From  these  relations  it  appears  that  the  outflow  of 
lava,  probably  issuing  from  a  vent  on  top  of  the  plateau  west  of  Wil- 
liams, flowed  westward  over  the  plateau  surface  and  down  its  western 
slope.  The  canyons  have  been  eroded  by  streams  since  the  time  of 
this  eruption,  and  some  of  the  deeper  ones  have  been  cut  through  the 
lava  into  the  underlying  limestone.  In  part  of  the  slope  a  few  miles 
south  of  Johnson  Canyon  the  grade  down  which  the  lava  flowed  was 
very  steep,  and  at  this  place  the  igneous  rock  is  very  much  broken 
where  it  cascaded  over  the  limestone  ledges.  This  outflow  occurred 
many  thousand  years  ago,  as  much  erosion  has  taken  place  since;  but 
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compared  with  most  of  the  other  events  in  geologic  history  it  was 
very  recent. 

The  broad  bench  made  by  the  lava  at  the  lower  level  just  men- 
tioned is  well  exhibited  near  Corva,   where  the  eastbound   track 

joins  the   old  line.     Fairview  is  a   siding  on   this 

"  bench.    A  short  distance  beyond  Fairview  is  a  cut  in 

Elevation  5,035  feet.     a  iow  cinder  cone  that  shows  that  there  was  a  vol- 

KansasCity  l,315mlles.  .  .    .1  .        i  »  1*1  1  •  1 

came  vent  at  this  place  from  which  may  have  issued 
some  of  the  lava  on  the  lower  bench.  Two  miles  farther  west  is  a 
long  cut  in  cinders,  including  numerous  bombs  of  various  sizes. 

About  4  miles  west  of  Fairview  there  are  excellent  views  of  the 
edge  of  the  high  plateau  extending  off  northwestward.  The  white 
ledges  of  Kaibab  limestone  appear  in  places,  capped  by  the  black 
lava  at  the  summit  of  the  plateau  and  underlain  by  the  Coconino 
sandstone  extending  down  some  distance  to  the  lava-covered  bench 
above  mentioned.  The  extension  of  the  cliff  to  the  southeast  is  also 
visible  but  less  plainly. 
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Figure  31,— Section  of  the  west  slope  of  the  Arizona  Plateau  between  Williams  and  Ash  Fork,  Ariz., 

looking  north. 

At  milepost  399,  5  miles  west  of  Fairview,  there  are  long  cuts  in 
cinders  with  bombs,  beyond  which  the  railway  descends  westward  in 
long  sweeping  curves  that  extend  nearly  to  Ash  Fork.  At  the  foot  of 
this  down  grade  there  is  a  wide  valley  trending  northwest  and  occu- 
pied largely  by  lava  which  has  flowed  from  many  local  orifices,  in 
most  places  marked  by  cinder  cones.  A  section  showing  the  general 
relations  in  the  descent  of  the  great  escarpment  east  of  Ash  Fork  is 
given  in  figure  31. 

This  descent  is  the  first  in  a  series  of  great  westward-facing  steps 
formed  by  the  thick  pile  of  sedimentary  rocks  constituting  the  plateau 
region  of  western  Arizona.  These  rocks  are  shown  in  cross  section  in 
the  Grand  Canyon,  and  in  the  westbound  journey  the  traveler  sees, 
beyond  Williams,  the  same  succession  that  is  revealed  in  the  descent 
into  the  canyon  from  the  rim.  The  first  step  is  the  western  edge  of 
the  Kaibab  limestone  which  caps  the  plateau  and  finally  terminates 
in  the  Aubrey  Cliffs.  The  second  great  step  consists  of  the  Grand 
Wash  escarpment,  Music  Mountain,  and  the  cliffs  south  of  Peach 
Springs,  in  which  the  western  edges  of  the  lower  part  of  the  Redwall 
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limestone  and  the  underlying  shales  and  sandstones  are  presented  at 
the  termination  of  the  plateau  province. 

Ash  Fork  owes  its  existence  mainly  to  the  fact  that  it  is  the  junction 
of  the  branch  railway  to  Prescott,  57  miles  south,  and  Phoenix,  194 

miles  south.  Many  of  the  trains  stop  here  for  meals 
Ash  Fork.  a^  ^he  Escalante,  a  hotel  named  in  memory  of  Fran- 

Eievation  5,144  feet,  cisco  S.  V61ez  Escalante,  a  Spanish  missionary  who 
^^X5i%«ntt«.  traveled  through  this  country  in  1775.     Ash  Fork 

has  an  exceptionally  good  climate  and  is  ambitious 
to  become  a  winter  resort. 

A  mile  west  of  Ash  Fork,  in  a  low  cinder  cone  just  south  of  the 
railway,  there  is  a  large  pit  from  which  material  is  excavated  for 
ballast.  The  exposed  face,  50  feet  high,  exhibits  the  relations  of  the 
cinders  with  many  included  bombs  and  more  or  less  admixture  of 
volcanic  ash.  For  some  distance  westward  the  train  passes  over  a 
plain  of  lava  which  floors  the  wide  valley  in  which  Ash  Fork  is  situated. 
To  the  west  rises  the  prominent  peak  known  as  Picacho  (pee-cah'tcho) 
Butte,  and  to  the  northwest  Mount  Floyd,  both  large  masses  of  the 
older  igneous  rock  similar  to  that  in  the  San  Francisco  Mountains  and 
Bill  Williams  Mountain. 

A  mile  or  more  beyond  Pineveta  the  eastbound  tracks  diverge  to 
the  north,  crossing  over  the  old  line,  which  is  reserved  for  westbound 
traffic  and  which  climbs  out  of  this  valley  up  the  steep  grade  to  the 
west  by  numerous  large  curves,  including  one  notable  loop  known  as 
Horseshoe  Bend.  On  these  loops  there  are  excellent  views  to  the 
east,  in  which  Bill  Williams  Mountain  is  a  prominent  feature,  rising 
far  above  the  relatively  even  sky  line  at  the  crest  of  the  high  plateau. 
Farther  east  on  the  horizon  the  peaks  of  the  San  Francisco  Mountains 
are  conspicuous,  though  somewhat  dwarfed  by  distance.  The  slope 
on  which  the  track  rises  consists  of  lava  (basalt)  and  toward  its  higher 
portion  there  are  many  junipers. 

Near  Crookton,  one-tenth  of  a  mile  west  of  milepost  419,  where 
the  summit  of  this  grade  is  reached,  the  two  tracks  come  together 

again,  with  that  for  the  westbound  traffic  on  the 

right-hand  side.     The  summit  consists  of  lava  (basalt) 

Elevation  5,091  feet,     ^j  ^g  rock  extends  along  both  sides  of  this  divide 

KansasCity  1,339  miles.        ,    ,  ,  »  . 

and  down  the  west  slope.  Picacho  Butte  is  a  promi- 
nent feature  to  the  south  and  Mount  Floyd  and  the  surrounding 
peaks  rise  about  8  miles  to  the  north. 

From  Crookton  to  Seligman  there  is  a  long  descent  of  450  feet  on 
lava-covered  slopes  into  the  valley  of  Chino  (chee'no)  Wash.  The 
lava  lies  on  the  sloping  surface  of  the  limestone  which  caps  the 
Aubrey  Cliffs  to  the  north.  The  interruption  in  these  cliffs  in  this 
portion  of  their  course  was  a  fortunate  thing  for  the  construction  of 
the  railway.     If  they  had  extended  continuously  across  the  country 
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at  a  height  of  1,200  feet,  as  to  the  north  and  south,  there  would  have 
been  great  difficulty  in  building  the  railway  down  them.  The  break 
in  their  continuity  was  developed  by  erosion  or  faulting  prior  to  the 
time  of  the  volcanic  eruptions,  and  now  the  sloping  surface  is  covered 
by  the  extensive  sheet  of  lava  extending  from  Crookton  to  Seligman 
and  beyond. 

Seligman,  being  a  railway  division  point,  is  sustained  largely  by  the 
railway  interests,  together  with  trade  from  scattered  ranches  in  some 

of  the  adjoining  valleys.  The  railway  time  changes 
Seligman.  here  from  mountain  to  Pacific  time,  one  hour  earlier. 

Elevation  5,242  feet.     Formerly  the  branch  line  to  Phoenix  joined  the  main 

^^Xwomiies.11116  ftt  this  Place>  following  a  relatively  easy  grade 

up  Chino  Valley.  It  was  changed  to  shorten  the 
distance  from  Phoenix  to  the  East.  There  is  a  road  from  Seligman 
north  67  miles  to  Cataract  Canyon,  a  branch  of  Grand  Canyon,  which 
has  high  red  walls  and  several  picturesque  waterfalls.     Here  live  the 


W*  Aubrey  Cliffc 
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Aubrey  Valley  v^S^^^^^^^^  Chin°  W°^ 


Fioubb  32.— Section  through  Aubrey  Cliffs,  northwest  of  Seligman,  Ariz.,  looking  north,  a,  Limestone 
(Red wall);  6,  red  sandstone  and  shale  (Supai);  c,  gray  sandstone  (Coconino);  d,  limestone  (Kaibab); 
e,  lava. 

Havasu  (Supai)  Indians,  who  cultivate  a  few  acres  of  rich  land  by  the 
water  from  the  great  springs  that  form  Cataract  Creek. 

Railway  cuts  a  short  distance  west  of  Seligman  show  the  red  sand- 
stone and  shale  of  the  Supai  formation  lying  on  Redwall  limestone. 
Three  miles  west  of  Seligman,  near  Chino,  high  cliffs  of  red  sandstone 
(Supai  formation)  are  conspicuous  along  the  northeast  side  of  the 
railway.  They  extend  along  the  lower  slope  of  the  Aubrey  Cliffs, 
which  continue  as  a  long,  high  wall  far  to  the  north.  Above  the  red 
sandstones  in  these  cliffs  are  ledges  of  light-gray  sandstone  (Coconino), 
which  is  softer  and  less  conspicuous  here  than  in  the  walls  of  the 
Grand  Canyon.  At  the  top  of  the  cliff  are  light-colored  ledges  of  the 
cherty  Kaibab  limestone,  forming  a  plateau  that  slopes  somewhat  to 
the  east.     The  relations  in  this  cliff  are  shown  in  figure  32. 

The  Aubrey  Cliffs  extend  for  many  miles  across  the  plateau  region 
on  both  sides  of  the  Grand  Canyon.  As  explained  above,  they  are 
caused  by  the  western  edge  of  the  great  sheet  of  limestone  that  caps 
the  Arizona  Plateau.  The  depression  at  their  foot,  here  known  as 
Aubrey  Valley,  is  followed  by  the  railway  for  some  distance  to  the 
northwest,  past  Audley  and  Pica  sidings.     The  floor  of  the  valley 
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consists  in  part  of  the  lower  red  shale  of  the  Supai  formation  and  in 
part  of  the  upper  surface  of  the  Redwall  limestone.  The  railway 
follows  the  boundary  line  between  these  two  formations,  in  some 
places  on  the  red  shale  and  in  others  on  the  limestone.  The  Aubrey 
Cliffs  are  prominent  in  the  landscape  to  the  east  as  the  train  bears 
away  northwestward  by  rising  on  the  gentle  slope  of  the  eastward- 
dipping  beds  to  the  summit  of  the  plateau  of  Redwall  limestone. 
This  plateau  is  the  next  "step  "  in  the  descent  from  the  great  plateau 
of  Arizona,  a  descent  which  is  begun  a  short  distance  west  of  Williams 
and  continues  nearly  to  Colorado  River. 

At  Pica  (see  sheet  20,  p.  138)  there  are  wells  1,100 

ca*  feet  deep  sunk  on  the  recommendation  of  a  Govern- 

K^^^ty^adT^lies. ment  geologist.     They  furnish  water  for  locomotives 

and  also  for  a  large  number  of  cattle  and  sheep. 
The  summit  of  the  slope  of  Redwall  limestone  is  reached  at  Yampai, 
where  there  are  cuts  in  this  limestone.    At  the  summit  is  a  wide 

pass,  west  of  which  the  train  enters  Yampai  Canyon, 
ampa .  cu^   ^   ^e   jje(jwa]|   limestone    to   Peach   Springs, 

ll^aty^iies. a  stance  of  about  14  miles.     Below  Fields  siding  the 

walls  of  the  canyon  show  extensive  ledges  of  the  lime- 
stone, and  at  Nelson  this  rock  is  quarried  to  a  moderate  extent  for 
burning  into  lime. 

Massive  beds  of  hard  limestone,  weathering  to  a  light  dove-gray 
color,  are  highly  characteristic  of  the  Redwall  in  this  region,  as  also 

in  places  in  the  Grand  Canyon  where  the  rock  is  not 
Nelson.  stained  red  by  wash  from  the  overlying  red  shale. 

Elevation  5,106  feet.     On  some  of  these  limestone  walls  there  may  be  seen 

S^a^M«)mfl«. the  Peculiaf  m^cal   plant,   or  maguey  (mah-gay', 

*  Agave  americana)  shown  in  Plate  XXXV,  A.  After 
several  years  of  growth  the  plant  sends  up  a  tall  flower  stalk  which 
develops  from  a  cabbage-like  heart  greatly  prized  by  the  Indians, 
who  roast  it  in  small  pits  in  the  ground.  Its  juice  is  sweet  and  when 
fermented  and  distilled  yields  the  mescal  brandy  so  extensively  used 
in  Mexico  and  the  Southwest. 

Near  Peach  Springs  the  Yampai   Canyon  widens   into  a  valley 
known   as  Truxton  Wash,  which   for    some  distance  westward  is 

occupied  by  a  lava  flow  (basalt)  that  is  well  exposed 
eac      p  ngs.     ^  j^  &  ^.^  or  more  beyond  Cherokee  siding.     The 

^^cuy i^7miies.  ridge  north  of  the  valley  consists  of  Redwall  lime- 
stone. On  its  north  side  there  are  canyons  descend- 
ing into  the  Grand  Canyon  of  the  Colorado  at  a  point  only  18 
miles  north  of  the  Peach  Springs  station.  These  smaller  canyons 
are  cut  mainly  in  sandstone  and  shales  of  the  Tonto  group  (see 
PI.  XXXVI)  lying  on  granite,  which  is  deeply  trenched  in  turn  as 
Colorado  River  is  approached.     A  fairly  good  road  extends  from 
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Peach  Springs  to  the  bank  of  the  Colorado.  The  walls  of  the  Grand 
Canyon  are  not  as  high  here  as  in  the  region  farther  east,  yet  it  still 
has  a  deep  inner  gorge  of  granite  extending  up  to  cliffs  and  slopes  of 
sandstones  and  shales  of  the  Tonto  group  surmounted  by  high  cliffs 
of  Redwall  limestone.  The  escarpment  or  cliff  of  Redwall  limestone 
is  prominent  south  of  Peach  Springs,  where  it  gradually  attains  a 
high  altitude,  and  it  extends  nearly  due  south  for  many  miles. 

From  Cherokee  nearly  to  Truxton  the  valley  widens  greatly  and  is 
floored  by  gravel  and  sand  washed  from  the  adjacent  mountain  slopes. 

At  Truxton  the  valley  merges  into  a  gorge  in  which 

appears  the  granite  underlying    the  Tonto  group. 

K^atyi^^iics. '^s  gr^te  extends  northward  to  the  foot  of  Music 

Mountain,  a  high  cliff  and  peak  which  is  promi- 
nently in  view  7  miles  to  the  northwest  from  the  vicinity  of  mileposts 
475  and  476.     It  is  the  same  rock  that  is  exposed  in  the  lower  part  of 


'»l'*/-V*,-,%--VXv>vJ     ^w  ''.Granite*,'';  v 


:>:>VV;  Lava  (rhyolite) 
Lava  (basalt) 


Valentine 


Crozier 


Truxton 


Lava  (rhyolite) 
Lava  (basalt 


Figure  33.— Sections  showing  relations  of  granite  and  lava  in  canyon  of  Truxton  Wash  between  Valentine 
and  Truxton,  Ariz.  A ,  Section  across  the  canyon  east  of  Valentine,  looking  west;  B,  section  along  the 
canyon,  looking  north. 

the  Grand  Canyon.  Music  Mountain  is  the  southwest  corner  of  the 
Grand  Wash  Cliffs,  of  which  more  can  be  seen  from  Antares,  1 8  miles 
farther  west. 

A  short  distance  west  of  Truxton  there  appears  to  be  a  great 
fault  crossing  the  railway,  with  the  uplift  on  its  east  side.  It  is 
probably  the  southern  extension  of  the  fault  extending  along  the 
west  foot  of  the  Grand  Wash  Cliffs  shown  in  figure  33.  On  the 
west  side  of  this  fault  the  railway  passes  into  a  lava  field  and  for 
some  distance  follows  a  narrow  canyon  in  the  lava. 

On  approaching  Crozier  the  train  passes  below  the  edge  of  the  lava 
cap  into  a  gorge  in  the  underlying  granite,  which  is  prominent  in  the 

lower  walls  of  the  canyon  nearly  to  Hackberry.     The 

0  er"  relations  of  the  lava  to  the  granite  are  well  exposed 

"m»  Crozier  and  Valentine,  as  shown  in  figure  33. 

The  lava  sheet  constitutes  an  extensive  elevated  shelf 
or  plateau  north  and  south  of  Crozier  and  Valentine.     It  lies  on 
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an  exceedingly  irregular  surface  of  the  granite,  filling  up  valleys 
and  burying  low  peaks  and  ridges,  as  shown  in  figure  33.  It  was 
poured  out  in  relatively  recent  geologic  time,  but  before  the  valley 
of  Truxton  Wash  was  cut  to  the  depth  which  it  now  has  near  Crozier 
and  below. 

At  Valentine  is  a  school  for  the  Hualpai  Indians  on  a  reservation 
of  730,000  acres.     They  are  a  branch  of  the  Yuman  tribe  and  are 

closely  allied  to  the  Supai  or  Havasu  Indians  living 

in  Cataract  Canyon.  There  are  about  500  of  these 
K^^aty Mosmiies.  Hualpai  Indians,  the  remnant  of  a  large  tribe  which 

once  controlled  a  wide  area  in  the  middle  Colorado 
Valley.  They  were  famous  for  their  prowess  in  hunting  and  their 
general  enterprise,  but  are  making  little  progress  toward  civilization. 
The  granite  in  the  gorge  from  Valentine  to  Hackberry  is  character- 
istic of  much  of  the  granite  in  the  ranges  of  western  Arizona.  It  is 
very  massive  and  coarse-grained  and  weathers  out  in  typical  rounded 
forms  or  huge  bowlders.  This  process  is  facilitated  by  numerous 
joints,1  which  cause  the  rock  to  break  into  large  blocks;  these 
blocks  on  weathering  soon  lose  their  corners,  so  that  the  resulting 
pinnacles  and  masses  have  rounded  forms. 

Hackberry  is  sustained  mainly  by  a  few  small  mines  and  ranches 
in  the  adjoining  region.     Here  the  train  passes  northwestward  out 

of  the  granite  gorge  into  the  wide  desert  slope  or 
Hackberry.  plain  known  as  Hualpai  Valley.     (See  PL  XXXVII, 

Elevation 3,554  feet.  A,  p.  140.)  The  Peacock  Mountains,  a  granite  ridge 
&^cttyM*io miles.  °*  considerable  prominence,  project  out  of  it  on  the 

west;  on  its  east  side  are  granite  slopes  surmounted 
by  the  lava-capped  plateau.  The  westward-facing  edge  of  this  pla- 
teau, extending  far  south  from  Hackberry,  is  known  as  the  Cotton- 
wood Cliffs. 

At  Antares  the  railway  reaches  the  summit  of  the  low  northern 
extension  of  the  Peacock  Mountains,  the  granite  of  which  crops  out 

on  both  sides  of  the  track.  A  few  miles  north  and 
Antares.  northeast  are  the  precipitous  slopes  of  the  Grand 

Eieration  3r«»  feet      Wash  Cliffs,  which  extend  far  to  the  north,  crossing 

KansasCity  1,416  miles.  '  '  & 

Colorado  River  75  miles  north  of  this  place,  at  the 
western  outlet  or  termination  of  the  Grand  Canyon. 

These  cliffs  form  the  last  step  in  the  descent  across  the  great  succes- 
sion of  sedimentary  rocks  constituting  the  high  plateau  of  Arizona. 
They  are  capped  by  the  lower  part  of  the  Redwall  limestone,  lying  on 


1  Joints  in  rocks  are  cracks,  generally 
not  of  great  length,  due  to  shrinkage 
or  earth  movements.  They  may  run 
in  various  directions  or  may  be  arranged 


intersect  other  sets  at  approximately 
constant  angles.  Joints  differ  from  faults 
in  being  much  smaller  fractures  that  show 
little  or  no  slipping  of  the  rock  along 


in  sets  of  nearly  parallel  cracks  which  j  the  break. 
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500  feet  or  more  of  sandstones  and  shale  of  the  Tonto  group,  and  hsvK/  •  ■ 
a  long  rugged  lower  slope  of  granite  descending  to  the  Hualpe      1 
Valley.     The  line  of  the  escarpment  is  nearly  straight.     Part  of  it 
height  is  apparently  due  to  a  fault  passing  along  its  western  foot,  witj 
uplift  on  the  east  side,  as  shown  in  figure  34.     This  fault  probably 
a  displacement  of  1 ,000  feet  or  more,  as  indicated  by  the  extent  t 
which  the  strata  are  elevated. 

At  the  Grand  Wash  Cliffs  the  plateau  country  ends,  for  althoug  J 
some  of  the  ridges  of  volcanic  rock  to  the  west  have  tabular  surfao  §  tit 
the  great  plateaus  of  nearly  level  sandstones  and  limestones  whi« 
occupy  a  large  portion  of  Arizona  and  New  Mexico  cease  at  tk 
cliffs.     In  northwestern  Arizona,  southern  Nevada,  and  Califora 
north  of  the  Santa  Fe  Railway  the  desert  basins  are  separated  I 
ridges  that  trend  northward.     The  Peacock  Mountains,  south 
An  tares,  are  the  first  of  these  ridges,  and  many  others  will  he  seon 
the  journey  west  to  Colorado  River  and  in  southeastern  California. 

Doubtless  the  sedimentary  rocks  of  the  Tiigh  plateau  oxtendt 
across  most  or  all  of  this  area  in  former  times,  but  they  have  bet 


Figure  M.— Section  of  Ihe  Grand  Wash  Cllilj,  north  „f  Hackberry,  Arli.,  locking  tiortn. 

broken  into  blocks  by  numerous  faults  and  mostly  removed,  leavii 
the  underlying  granite  bare.  In  places,  however,  the  granite 
covered  later  by  great  masses  of  volcanic  material  which  are  the  ma 
prominent  features  of  the  area. 

From  An  tares  to  Kingman  the  railway  ascends  Hualpai  (wahl'pi 
Valley,  a  typical  fiat-bottomed  desert  valley,  which  extends  north  1 
Colorado  River.  It  presents  wide  areas  of  smooth  land  with  excellei 
soil  and  mild  climate,  which  would  yield  large  returns  to  agriculture 
water  were  available  for  its  reclamation.  There  is,  however,  but  vei 
little  water  underground,  and  although  at  the  lower  part  of  the  valli 
is  Colorado  River,  which  carries  a  vast  quantity  of  water,  this  streai 
lies  more  than  2,000  feet  lower  than  the  district  visible  from  the  rai 
way.  Pumping  water  to  that  height  for  irrigation  is  now  regard) 
as  impracticable. 

At  the  south  end  of  the  Hualpai  Valley,  south  of  Berry  siding  ae 
east  of  Louise  siding,  rise,  the  Hualpai  Mountains,  a  high  ridge  coi 
sisting  mainly  of  granite,  similar  to  the  Peacock  Mountains.  C 
the  west  side  of  Hualpai  Valley,  as  seen  from  points  between  Had 
berry  and  Louise  siding,  there  is  a  high  ridge  known  as  Black  Mea 
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consisting  of  a  succession  of  sheets  of  rocks  of  volcanic  origin  of  a 
character  not  found  in  the  region  farther  east  but  occupying  large 
areas  in  the  country  to  the  west.1 

Kingman  (see  sheet  21,  p.  148)  is  sustained  mainly  by  extensive 
mining  operations  in  the  adjoining  mountains.     The  mines  have  been 

opened  for  many  years,  and  some  of  them  have  pro- 
Kingman.  duced  a  large  amount  of  ore.     The  principal  mines 

Elevation  3,336  feet.     are  m  the  Cferbat  Mountains,  8  or  10  miles  north  of 

Population  90O.«  • ' 

Kansascity  1,437 miles.  Kingman,    and    are    reached    by    a   railway   which 

branches  from  the  main  line  at  McConnico.     Some 
of  the  ore  is  brought  to  Kingman'for  reduction. 

West  of  Kingman  there  are  railway  cuts  in  the  volcanic  series  which 
extends  south  from  Black  Mesa.  These  cuts  show  that  there  are 
several  flows  of  rhyolite  separated  by  thick  beds  of  fragmental  mate- 
rials. The  lavas  issued  from  vents  and  flowed  more  or  less  widely  on 
all  sides,  the  earliest  one  apparently  filling  the  inequalities  of  an 
irregular  surface  of  granite.     The  tuff  consists  of  coarse  volcanic  ash 


Volcamfc  tuff. 
&      Massh/e  brown  la 
*         Volcanic  tufr-a 
J  Massive  brown  lavayjj!^     „^^ ^^^ 


2    Higher  members  of 
volcanic  series  in 
mountain  to  the  north- 

o 


Figure  35.— Section  showing  relation  of  volcanic  rocks  between  Louise  and  McConnico,  Ariz., 

looking  northwest. 

blown  out  of  the  craters  or  cracks  of  eruption  at  intervals  between 
the  lava  flows.  Some  features  of  the  succession  in  the  canyon 
between  Kingman  and  McConnico  are  shown  in  figure  35.  The  beds 
lie  nearly  horizontal,  and  the  railway  descends  across  their  edges  on 
the  down  grade  through  the  canyon.     The  granite  floor  is  reached 


1  The  succession  consists  of  an  alterna- 
tion of  lava  flows  of  various  kinds,  mostly 
rhyolite,  with  thick  beds  of  light-colored 
tuff  and  volcanic  ash,  in  part  capped  by 
flows  of  black  lava  (basalt).  These  rocks 
are  in  thick  sheets,  which  in  Black  Mesa 
dip  at  a  low  angle  to  the  east.  They  are 
much  older  than  the  late  lava  flows 
(basalts)  of  the  Ash  Fork  country  and  the 
San  Francisco  Mountains,  but  may  be  of 
the  same  or  nearly  the  same  age  as  the 
older  lavas  of  the  San  Francisco  Moun- 
tains, Bill  Williams  Mountain,  Picacho 
Peak,  and  Mount  Floyd. 

Undoubtedly  these  lavas  were  once 
very  much  more  extensive  than  at  pres- 
ent, for  they  have  been  uplifted,  tilted, 
and  in  large  part  removed  by  erosion. 


They  were  poured  out  over  the  surface  in 
flows,  in  most  places  to  a  thickness  of  100 
feet  or  more.  The  tuff  is  fine-grained 
material,  differing  from  the  basalt  cinder 
in  being  less  coarsely  cellular.  It  is 
mostly  of  light  color  and  consists  mainly 
of  ash  and  fine-grained  pumice  blown  out 
of  craters  and  deposited  in  great  sheets 
over  the  lava  flows  or  other  surfaces.  In 
most  places  it  has  in  turn  been  covered 
by  later  lava  flows,  the  eruptions  consist- 
ing of  alternations  of  lava  outflows  and 
material  ejected  in  fragmental  condition. 
There  were  also  mud  flows  consisting  of 
materials  similar  to  the  tuff  and  ashes  but 
poured  out,  mixed  with  water,  and  spread 
over  the  surface  in  plastic  condition,  in 
places  to  a  thickness  of  50  feet  or  more. 


140  GUIDEBOOK   OF   THE   WESTERN   UNITED  STATES. 

finally,  and  in  the  next  few  miles  this  rock  is  seen  to  extend  along 
the  base  of  the  mountain  to  the  north  and  south,  underlying  the 
younger  volcanic  series. 

A  short  distance  beyond  McConnico  is  a  projecting  spur  of  the 
granite  which  shows  in  low  cuts  on  both  sides  of  the  track.  From 
Hancock,  the  next  station,  the  railway  goes  a  little  west  of  due  south 
across  Sacramento  Valley,  a  characteristic  southwestern  desert  con- 
sisting of  a  long,  wide,  flat-bottomed  valley  bordered  by  mountain 
chains  of  very  irregular  outline  and  sustaining  a  very  scant  vegetation. 
The  sandy  floors  of  such  valleys  slope  up  gradually  to  the  foot  of  the 
mountains,  where  they  give  place  abruptly  to  steep  rocky  slopes,  as 
shown  in  Plate  XXXVII,  B.  The  valleys  are  underlain  by  deposits 
of  sand,  gravel,  and  other  wash  from  the  mountains,  and  in  some 
areas  well  borings  show  that  deposits  of  this  sort  attain  a  thickness  of 
more  than  1,000  feet.  The  detrital  materials  partly  fill  valleys  that 
were  excavated  at  a  time  when  the  region  wh  Ligher  than  it  is  at 
present. 

At  Drake  siding  (milepost  527)  there  are  excellent  views  to  the 
west  over  a  typical  desert  valley  to  the  foot  of  Black  Mesa,  8  miles 
away.  This  mesa,  which  rises  about  1,500  feet  above  the  valley, 
consists  of  a  great  succession  of  alternating  lavas  and  tuffs  similar  to 
those  at  Kingman,  in  beds  tilted  slightly  to  the  west. 

At  milepost  537  there  is  a  10-foot  cut  in  the  valley  filling,  showing 
the  succession  of  gravel  and  sands. 

Erosion  proceeds  with  considerable  rapidity  in  the  desert  region, 
notwithstanding  the  scarcity  of  continuously  running  water,  for 
rock  disintegration  is  accelerated  by  the  great  daily  variations  in 
temperature.  The  rocks  are  heated  to  125°  or  even  higher  on  the 
hot  summer  days  and  cool  off  rapidly  at  night  to  70°  or  less,  a  differ- 
ence of  50°  or  more;  and  in  spring  or  autumn,  when  the  sun  heat  is 
less,  the  night  temperatures  are  relatively  lower.  In  winter  there  is 
frost  in  the  higher  lands,  but  this  factor  is  less  effective. 

The  weather  in  the  deserts  of  the  Southwest  is  peculiar,  and  so  far 
as  plant  growth  is  concerned  there  are  three  seasons — the  warm, 
moderately  moist  spring,  from  March  to  May,  where  growth  is  rapid; 
the  long  drought  of  June  to  November,  when  plants  rest  except 
during  showers;  and  the  winter,  from  December  to  February,  when 
it  is  too  cool  for  vegetation  to  advance  materially. 

The  desert  plants  present  considerable  variety  and  have  special 
characteristics  that  adapt  them  to  their  environment.  The  most 
conspicuous  plant,  covering  the  desert  flats  from  Kingman,  Ariz., 
to  Hesperia,  Cal.,  is  the  creosote  bush  {Covidea  trideniata).  This 
plant  grows  2  to  6  feet  high  and  is  rather  widely  spaced,  after  the 
habit  of  desert  plants,  which  require  wide-spreading  roots  in  order  to 


L  DESERT  VALLEY  OF  NORTHWESTERN  ARIZONA. 


B.     EDGE  OF  DESERT  PLAIN  ON   WEST  SIDE  OF  HUALPAI   MOUNTAINS,  t 


A  WATER  BOTTLE  IN  THE  DESERT. 
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gather  the  moisture  from  an  ample  area.  For  most  of  the  year  its 
leaves  are  covered  with  a  resin  that  acts  as  a  protection  against 
evaporation  and  also  renders  them  very  unpalatable  to  animals. 
The  popular  name  is  due  to  the  tarry  odor  given  off  when  the  plant 
is  burned.  On  the  rocky  slopes  and  less  abundantly  on  the  plains 
several  species  of  cactuses  will  be  noted,  including  the  barrel  cactus 
or  visnaga  (Echinocactus  vri&lizeni  lecontei;  PI.  XXXVIII),  the  smaller 
Echinocactus  johnsoni,  and  clusters  of  the  niggerhead  cactus  (Eclwno- 
cactus  polycephcdus),  which  bears  beautiful  deep-red  flowers  in  the 
early  summer.  All  these  cactuses  are  covered  with  large  spines  and 
contain  considerable  water,  which  is  protected  from  evaporation  by 
the  thick  skins  of  the  trunk.  The  desert  rats  gnaw  into  some  of  them 
and  clean  out  their  watery  pulp,  leaving  an  empty  shell  of  thorns. 
Travelers  often  obtain  a  drink  of  fair  water  from  the  barrel  cactus. 
On  some  of  the  desert  slopes  grow  the  curious  candlewood  bushes,  or 
ocotillo  (Fouquieria  splendens;  PL  XXXV,  B,  p.  134),  the  tips  of  which 
are  brilliant  with  flame-colored  blossoms  in  the  spring.  The  palo- 
verde  (Parhinsonia  torreyana),  a  bush  or  small  tree  consisting  entirely 
of  green  spikes,  grows  in  many  of  the  valleys,  associated  with  the 
ufLa  del  gato  (oon'ya  del  gah'to),  or  cat  claw  (Acacia  greggii),  a  bush 
with  myriads  of  little  curved  thorns  and  deliciously  fragrant  yellow 
blossoms.  On  some  of  the  sandy  soils  are  many  yuccas  or  soap  weeds 
of  several  species,  which  in  the  spring  send  up  slender  stalks  bearing 
clusters  of  cream-white  flowers. 

The  desert  animals  are  small  and  are  not  often  in  sight.  The  rats, 
which  live  in  large  colonies  in  the  sandy  areas,  are  nocturnal,  and 
most  of  their  companions  have  the  same  habit.  Various  lizards  and 
the  bold  little  horned  toad  (Phrynosoma  platyrhinos)  are  abundant, 
and  in  places  the  variety  of  rattlesnake  known  as  "sidewinder" 
(Crotalus  cerastes)  is  found.  This  common  name  refers  to  his  side- 
long motion  both  in  locomotion  and  attack.  The  rare  tiger  rattler 
(Orotalus  tigris)  lives  in  the  rocks  in  many  out-of-the-way  places. 
The  Gila  monster  (Heloderma  suspectumY  does  not  often  come  as  far 
north  as  the  Santa  Fe  line,  but  a  few  are  reported  from  the  Colorado 
bottoms  near  Needles  and  even  along  Virgin  River  in  southern  Utah. 
The  larger  lizard  known  as  the  chuckwalla  (Sauromalus  ater)  may 
be  seen  here  and  there,  and  the  Indians  find  him  as  palatable  as 
chicken.  The  tortoise  (Gopherus  agassizii)  roams  widely  over  the 
desert,  and  his  empty  shell  is  a  common  sight.  Most  of  these  tor- 
toises are  from  8  to  10  inches  long;  some  are  larger.  They  are  gener- 
ally found  far  from  water  holes,  and  it  is  a  marvel  that  they  can 
exist  with  so  little  water. 

07579°— Bull.  6ia— 15 10 
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The  railway  company  sank  a  well  1,004  feet  deep  at  Yucca  some 

years  ago  which  yields  a  supply  of  excellent  water  rising  within  104 

feet  of  the  surface.'     The  east  face  of  Black  Mesa 

Yllcc*'  continues  in  view  beyond  Yucca.     The  general  suc- 

Eim-ation  i,804  r«t.     cession  of  beds  in  this  face  is  shown  in  figure  36. 

Population  138*  __  .  -,ii  ■  .    . 

KaousciiyMeimiin.  Ihe  rocks  present  considerable  variety,  comprising 
light-colored  lavas  (rhyolites)  and  black  lava  (basalt) 
in  widespread  sheets  of  varying  thickness,  separated  by  thick  de- 
posits of  light-colored  tuffs,  which  were  thrown  out  of  volcanic 
vents  in  fragmentary  condition.  Extensive  cuts  in  this  volcanic 
series  through  a  southern  projection  of  the  mesa  show  massive 
breccia  and  tuff  capped  by  a  sheet  of  light-colored  lava  (rhyolite). 
The  breccia  consists  of  large  fragments  of  volcanic  rocks  of  various 


FiotiBE  3o  — Section  showing  succession  of  volcanic  racks  In  east  bos  ol  Black  liasa,  northwwt  of 
Yucca,  Aril. 

kinds,  and  some  of  the  material  appears  to  have  flowed  out  mixed 
with  hot  water.  Beyond  this  point  the  railway  swings  to  the  west 
around  the  south  end  of  Black  Mesa,  but  it  continues  to  follow  Sacra- 
mento Wash  to  Colorado  River  at  Topock. 

A  short  distance  west  of  Haviland  siding  are  low 
terraces  and  hills  composed  of  the  valley  filling,  and 


HariUnd. 

Elevation  1, 
Kansas  City 


Kievation  i.«u  !>«t.  ^  ftt  jnilepost  547  is  a  railway  cut  through  one  of  these, 


exposing  from  30  to  50  feet  of  bowlders  and  sand. 

At  Powell  Colorado  River  is  in  sight  to  the  northwest,  occupying 

a  broad  valloy  between  typical  desert  ranges.     About  2  miles  beyond 

Powell  there  may  be  seen  in  the  foothills  of  the 

Powell.  rugged  mountains   to   the  south  a  hole  through   a 

Kievation 7H iwt.       peak,  which  is  known  as  the  "Eye  of  the  Needle." 

Kansas  City  1,410  miles. '  .  "     .,  .  . 

It  has  been  eroded  in  a  narrow  ridge,  largely  by 
wind-blown  sand,  which  is  an  effective  agent  of  rock  sculpture  in  the 
arid  regions. 

1  The  water  comes  from  a  mass  of  tuff  lying  at  depths  of  666  to  805  feet.     This  tuff 
in  underlain  by  22  feet  of  dark  lava,  78  feet  of  tuff,  and  99  feet  of  "granite." 


THE   SANTA   FE  ROUTE.  143 

At  Topock  (Mohave  for  Bridge)  the  bank  of  the  Colorado  is  reached 
at  a  point  where  the  water  is  only  about  480  feet  above  sea  level. 

This  river  marks  the  boundary  between  Arizona  and 
opoc  f  California,  and  a  large  bridge  crosses  it  to  the  Cah- 

K^^u^,4^mii«.^orn*a  8^e-    T°  ^e  nor^  ti*e  river  flows  in  a  wide 

valley.  To  the  south  it  passes  into  a  rocky  canyon 
through  a  chain  of  jagged  ridges  which  extends  from  northwest  to 
southeast.  A  group  of  pinnacles  on  one  of  these  ranges  about  3  miles 
southeast  of  Topock,  and  plainly  visible  from  that  place,  is  known 
as  The  Needles.  The  rocks  of  these  mountains  are  largely  of  the 
younger  volcanic  series,  similar  to  those  constituting  Black  Mesa,  a 
few  miles  to  the  northeast.  They  form  sharp  peaks  of  striking  out- 
line owing  to  rapid  erosion  along  joint  planes  traversing  the  hard 
massive  igneous  rocks. 

Colorado  River  was  reached  by  two  of  the  early  Spanish  explorers 
from  Mexico  in  1540;  one  was  Melchior  Diaz,  who  came  across 
country  and  went  only  a  short  distance  above  Yuma,  and  the  other 
was  Alarc6n,  who  came  in  boats  from  western  Mexico.  Owing  to 
the  custom  of  the  natives  of  carrying  firebrands  in  winter  with  which 
to  warm  themselves,  Diaz  named  the  stream  Rio  del  Tiz6n  (Firebrand 
River),  a  name  more  distinctive  than  the  present  one,  which  often 
causes  considerable  confusion  because  no  part  of  the  river  is  in  the 
State  that  has  the  same  name. 

California,  known  as  the  Golden  State,  is  next  to  the  largest  State 
in  the  Union.     It  is  780  miles  in  length  and  about  250  miles  in  average 

width,  though  owing  to  its  shape  it  covers  very  nearly 
California.  as  wide  a  range  in  longitude  as  Texas.     It  has  also 

great  diversity  in  altitude,  for  some  of  its  desert 
valleys  are  below  sea  level  and  in  the  Sierra  Nevada  are  the  highest 
peaks  south  of  Alaska.  The  State  has  a  total  area  of  156,092  square 
miles,  being  nearly  equal  in  size  to  New  England,  New  York,  and 
Pennsylvania  combined.  The  population  of  California  in  1910  was 
2,377,549,  or  about  one-tenth  that  of  the  Eastern  States  named. 
This  was  a  gain  of  60  per  cent  in  10  years.  The  number  of  persons 
to  the  square  mile  is  only  slightly  more  than  15,  having  doubled  since 
1890,  but  the  density  varies  greatly,  becoming  very  low  in  the  desert 
regions  east  of  the  Sierra  Nevada.  The  ratio  of  males  to  females  is 
125  to  100.  The  area  covered  by  public-land  surveys  is  123,910 
square  miles,  or  nearly  80  per  cent  of  the  State,  and  21  per  cent  of  the 
State  was  unappropriated  and  unreserved  July  1,  1914. 

Along  the  State's  1,000  miles  of  bold  coast  line  there  are  compara- 
tively few  indentations.  The  bays  of  San  Diego  and  San  Francisco 
are  excellent  harbors,  but  they  are  exceptional. 


144  GUIDEBOOK   OF   THE   WESTERN    UNITED  BTATES. 

The  climate  of  California  varies  greatly  from  place  to  place.  Along 
the  coast  in  northern  California  it  is  moist  and  equable.  Around 
San  Francisco  Bay  a  moderate  rainfall  is  confined  almost  wholly  to 
the  winter,  and  the  range  in  temperature  is  comparatively  small.  In 
parts  of  southern  California  typical  desert  conditions  prevail.  The 
great  interior  valley  is  characterized  by  moderate  to  scant  winter 
rainfall  and  hot,  dry  summers.  Snow  rarely  falls  except  in  the  high 
mountains. 

Forests  cover  22  per  cent  of  the  State's  area  and  have  been  esti- 
mated to  contain  200,000,000,000  feet  of  timber.  They  are  notable 
for  the  large  size  of  their  trees,  especially  for  the  huge  dimensions 
attained  by  two  species  of  redwood — Sequoia  vxtshingtoniana  (or 
gigantea),  the  well-known  "big  tree"  of  the  Sierra  Nevada,  and 
Sequoia  sempervirens,  the  "big  tree"  of  the  Coast  Ranges.  Some  of 
these  giant  trees  fortunately  have  been  preserved  by  the  Government 
or  through  private  generosity  against  the  inroads  of  the  lumberman. 

The  21  national  forests  in  California  have  a  total  net  area  of  40,600 
square  miles,  or  about  one-fourth  of  the  State's  area.  The  national 
parks  in  the  State  are  Yosemite  (1,124  square  miles),  Sequoia  (252 
square  miles),  and  General  Grant  (4  square  miles). 

Agriculture  is  a  large  industry  in  California,  and  with  the  intro- 
duction of  more  intensive  cultivation  its  importance  is  increasing 
rapidly.  In  1914  the  grain  crops  yielded  nearly  63,000,000  bushels, 
of  which  two-thirds  was  barley.  The  value  of  the  cultivated  hay  crop 
that  year  was  over  $43,000,000.  In  the  variety  and  value  of  its  fruit 
crops  Calif ornia  has  no  rival  in  the  United  States,  if  indeed  in  the  world. 
Its  products  range  from  dates,  pineapples,  and  other  semitropical 
fruits  in  the  south  to  pears,  peaches,  and  plums  in  the  north,  but  it  is 
to  oranges  and  other  citrus  fruits  and  to  wine  grapes  that  California 
owes  its  horticultural  supremacy.  During  the  season  from  November 
1,  1913,  to  October  31,  1914,  California  produced  48,548  carloads  of 
citrus  fruit,  42,473,000  gallons  of  wine,  and  12,450  tons  of  walnuts 
and  almonds.  The  value  of  the  annual  crop  of  citrus  fruits  is  about 
$50,000,000,  and  of  olives  $2,200,000.  Wine  and  brandy  yield  to- 
the  grape  industry  $25,500,000  annually.  Some  other  notable 
products  are  hops,  about  20,000,000  pounds;  lima  beans,  1,150,000 
sacks;  beet  sugar,  162,000  tons;  potatoes,  11,000,000  bushels;  and 
butter,  54,000,000  pounds. 

Of  its  mineral  products,  petroleum  ranks  first  in  total  value  and 
gold  next.  In  1914  California's  output  of  petroleum  was  valued  at 
$48,466,096,  about  25  per  cent  of  the  world's  yield,  and  its  output  of 
gold  at  about  $21,000,000.  In  the  production  of  both  petroleum  and 
gold  California  leads  all  other  States  in  the  Union.  Other  mineral 
products  are  cement  $10,500,000,  copper  $5,000,000,  silver  $750,000, 
mercury  $750,000,  and  borax  $1,500,000. 
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California's  fisheries  bring  a  profit  estimated  at  $3,000,000  a  year, 
the  canning  of  the  delicious  tuna  yielding  about  $2,000,000.  Nearly 
11,500,000  pounds  of  wool  was  clipped  in  1914,  estimated  to  be  worth 
$1,852,000.  In  most  parts  of  the  State  only  a  small  part  of  the 
water  available  for  power  or  irrigation  has  been  utilized,  and  large 
areas  of  swamp  lands  are  being  reclaimed.  Cotton  and  dates  promise 
to  be  important  crops  in  the  southeast  corner  of  the  State,  and  rice 
production  is  increasing  rapidly. 

Sir  Francis  Drake,  who  landed  on  the  California  coast  in  1579, 
named  the  place  New  Albion,  but  later  the  name  California  was 
applied,  taken  from  a  Spanish  romance.  From  1769  to  1823  many 
missions  were  established  under  the  direction  of  the  Franciscan  friar 
Junfpero  Serra  and  other  missionaries  of  his  order,  and  most  of  them 
still  remain,  although  some  are  in  ruins.  The  first  overland  caravans 
to  California  began  in  1827.  The  discovery  of  gold  by  J.  W.  Marshall 
at  Sutters  Mill  in  1848  brought  a  large  crowd  of  gold  seekers  and 
settlers. 

California  was  formerly  a  part  of  Mexico  but  in  1848  was  ceded  to 
the  United  States  and  on  September  9,  1850,  was  admitted  to  the 
Union  as  a  State. 

At  the  California  end  of  the  bridge  at  Topock  there  is  a  conspicuous 
outcrop  of  red  conglomerate  in  massive  ledges  which  is  part  of  the 
older  valley  filling.  It  outcrops  at  other  places  farther  west,  and  a 
small  mass  of  the  same  rock  also  appears  on  the  east  bank  of  the  river 
just  north  of  the  bridge.  From  the  bridge  to  Needles  the  railway 
follows  the  west  bank  of  the  river,  and  owing  to  the  many  small  gul- 
lies and  terraces  there  are  numerous  cuts  for  the  railway  grade. 
These  cuts  exhibit  materials  of  the  valley  filling,  which  appear  to 
comprise  a  younger,  high-level  gravel  and  sand,  lying  on  the  some- 
what irregular  surface  of  an  older  deposit  of  silt  of  pale-buff  or  green- 
ish tint,  in  large  part  distinctly  bedded.  This  older  material  lies  80 
to  100  feet  above  the  present  river  and  was  laid  down  at  a  period  of 
slack  current,  during  a  time  when  there  were  no  notable  freshets  for 
many  years. 

Needles  is  built  on  a  low  terrace  or  higher  flood  plain  of  Colorado 
River,  less  than  a  mile  from  the  river  bank.     It  is  a  railway  division 

point  with  a  large  hotel  at  the  station,  where  most 
Needles,  Cal.  trains  stop  for  meals.  This  hotel  is  named  El  Garces 
Eievstion  483  feet.       after  Francisco  Garc6s,  a  Spanish  missionary  who 

Population  3,067.*  .  -       -  ,  .'  r  J 

Kansascity  1,499 mflea.  journeyed  through  this  country  m   1771-1774   and 

visited  the  Hopis  in  1776.  Needles  is  becoming  a 
winter  resort  owing  to  its  mild,  equable  climate  and  large  propor- 
tion of  sunny  days.  Many  trees  have  been  cultivated  here,  includ- 
ing date  palms  and  the  tall,  stately  palm  Neowashingtonia  filifera,  a 
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native  of  the  Colorado  Desert,  which  is  extensively  utilized  for  orna- 
mental plantings  in  Los  Angeles  and  other  towns  in  the  coastal 
region  of  southern  California. 

Many  Mohave  Indians  live  along  the  flats  at  Needles,  and  they  have 
a  reservation  of  considerable  size  extending  along  the  river  bank  some 
distance  above  the  city,  where  they  dwell  in  small,  low  buildings 
roofed  with  brush  and  sand.  They  cultivate  small  areas  of  the  fertile 
bottom  lands  along  the  river  and  raise  grain  and  vegetables  for  their 
own  use  and  for  the  local  market.  Some  of  them  come  to  the  trains, 
offering  bead  trinkets  of  various  kinds  for  sale  to  the  passengers. 
They  are  a  branch  of  the  Yuman  stock,  numbering  about  1,400  and  in 
general  diminishing  in  number.  The  name  Mohave  mo-hah'vay  is 
Yuman  for  the  three  pinnacles  of  the  Needles  south  of  Topock. 
Formerly  these  Indians  were  warlike,  but  this  would  not  be  inferred 
from  their  present  appearance. 

In  the  western  part  of  Needles  there  is  a  steep  ascent  to  a  long, 
moderately  steep  slope  which  rises  to  the  foot  of  the  Sacramento 
Mountains  *  on  the  west.  This  slope  is  the  surface  of  a  thick  body  of 
sand,  gravel,  and  bowlders  derived  from  the  mountains.  It  is  inter- 
sected by  many  gullies  or  small  valleys  which  carry  large  volumes  of 
water  on  the  rare  occasions  when  there  is  rain. 

Leaving  Needles  the  train  begins  to  climb  the  slope,  running  north- 
westward toward  a  pass  that  separates  the  Sacramento  Mountains  on 
the  south  from  the  Dead  Mountains  on  the  north.  On  this  slope 
there  are  many  railway  cuts  that  reveal  the  materials  of  which  it  is 
composed.  Some  of  the  deposits  are  fine  silts;  others  are  cross- 
bedded  sands  containing  a  large  amount  of  coarse  material.  All  are 
of  recent  geologic  age. 

Two  miles  beyond  Java  the  rocks  of  the  mountains  are  exposed  in 
railway  cuts  and  slopes  of  Sacramento  Wash,  the  valley  of  a  stream 
which  has  cut  the  pass  through  the  mountains.  The  material  is 
gneiss  or  mica  schist,  probably  pre-Cambrian,  which  constitutes  the 
greater  part  of  the  ranges  north  and  south. 

Near  Klinefelter  siding  this  rock  gives  place  to  coarse,  massive  red 
conglomerate,  which  at  several  points  rises  in  mounds  of  moderate 
height.  This  rock  is  not  old,  but  appears  to  be  a  valley  filling  that 
accumulated  before  the  deposition  of  the  gravel  and  sand  which  form 
most  of  the  slopes  of  the  desert  valley.     The  materials  were  derived 


1  The  Sacramento  Mountains  consist  of 
schists  of  supposed  Archean  age.  The 
highest  part  of  the  mountains,  10  miles 
southwest  of  Needles,  is  capped  by  a 
thick  body  of  latite.  From  the  occur- 
rence of  fragments  of  blue  limestone  in  the 
slope  southwest  of  Needles  it  is  probable 


that  some  Paleozoic  rocks  also  occur  in  the 
range.  Near  the  foot  of  the  range  south- 
west of  Needles  masses  of  red  conglom- 
erate in  which  are  included  sheets  of  basalt 
appear  in  small  knobs  and  probably  this 
material  underlies  the  alluvium  of  the 
slopes. 
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largely  from  the  adjoining  mountains  of  gneiss,  but  they  include  also 
some  volcanic  tuff  and  agglomerate  and  old  lava  (basalt).  The  beds 
are  tilted  at  various  angles,  the  dip  being  to  the  southwest  in  a  con- 
siderable area  west  of  Klinefelter  and  almost  due  west,  at  angles 
approaching  the  vertical,  along  the  foot  of  the  Dead  Mountains, 
northeast  of  that  place.  A  short  distance  beyond  Klinefelter  sid- 
ing a  number  of  springs  issue  from  this  deposit,  affording  water 
which  has  been  extensively  utilized  by  the  railway  company  for  its 
locomotives.     These  springs  are  just  west  of  the  track. 

A  few  rods  east  of  the  railway,  at  milepost  590,  a  mile  north  of 
Klinefelter,  the  conglomerate  stands  nearly  vertical  and  includes 
between  its  beds  a  6-foot  sheet  of  basalt.  At  a  place  just  east  of  the 
tracks  it  includes  another  sheet  of  basalt. 

At  Klinefelter  the  railway  is  in  a  wide  desert  valley  that  is  drained 
through  Sacramento  Wash,  which  heads  far  to  the  west.  To  the 
east  rise  the  Dead  Mountains,1  culminating  in  Mount  Manchester; 
to  the  southwest  is  Ibis  Mountain,  which  ends  southwest  of  Ibis 
siding.  The  up  grade  continues  past  Ibis  to  the  summit,  half  a  mile 
east  of  Goffs.  The  divide  at  this  place  (altitude,  2,584  feet)  is  in  the 
wide  sand  plain  of  the  desert,  but  there  are  ridges  of  granite  not  far 
to  the  north  and  south,  and  doubtless  here  this  rock  is  at  no  great 
distance  beneath  the  surface.  At  Goffs,  however,  in  a  well  926  feet 
deep,  from  which  the  railway  company  obtains  water,  the  first  rock 
reported  was  at  a  depth  of  680  feet. 

A  branch  railway  leading  to  Barnwell  and  Searchlight,  two  mining 
camps  to  the  north,  begins  at  Goffs,  which  is  an  old  settlement,  sup- 
ported mainly  by  gold,  silver,  and  copper  mines  in 
the  mountains  to  the  northeast,  northwest,  and 
Elevation 2,584  feet,     south.'    The  ores  occur  in  part  as  veins,  in  part  as 

Kansas  City  1,530  miles..  .    ,  r  .  r 

irregular  bodies  of  shattered  altered  rocks,  somewhat 
after  the  manner  of  the  ore  bodies  at  Goldfield  and  Tonopah,  Nev. 


Goffs. 


1  The  Dead  Mountains,  northeast  of 
Ibis,  consist  of  schists,  in  most  of  which 
the  foliation  is  well  denned,  dipping  in 
part  at  a  low  angle  to  the  west.  The 
slopes  and  ridges  south  and  southwest  of 
Klinefelter  show  a  variety  of  rocks.  For 
the  first  few  miles  there  is  much  breccia 
and  conglomerate  that  include  sheets  and 
masses  of  basalt.  The  ridges  farther 
southeast  are  granite  and  schists.  These 
pass  down  to  the  west  under  latite  or 
rhyolite  and  breccia,  which  appears  first 
in  knobs  and  finally  rise  in  prominent 
peaks  near  Eagle  Pass,  10  miles  south  of 
Klinefelter.  For  about  2  miles  the  gran- 
ite and  rhyolite  are  separated  by  lime- 


stone and  sandstone,  which  are  of  Paleo- 
zoic age  and  contain  at  one  point  fossils 
that  are  probably  Carboniferous.  Six 
miles  southwest  of  Klinefelter  is  the  high, 
conspicuous  Tabletop  Mountain,  consist- 
ing of  a  cap  of  basalt  on  a  mass  of  tuff  and 
agglomerate  lying  west  of  the  main  body 
of  rhyolite.  The  high  ridge  next  north- 
west, which  extends  nearly  to  Ibis,  is 
composed  of  schist  and  light -colored 
granite.  The  Ibis  mine  (now  idle)  is  on 
its  east  slope. 

2  A  short  distance  south  and  southeast 
of  Goffs  is  the  north  end  of  a  mountain 
range  which  extends  far  southward.  It 
consists  largely  of  granite,  partly  schistose, 
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From  Goffs  the  railway  runs  nearly  due  southwest  for  many  milef 
(see  sheet  22,  p.  158),  descending  continuously  into  one  of  the  greaf 
interior  basins  that  are  characteristic  of  a  large  part  of  southeaste 
California.     The  slope  is  covered  with  a  thick  mantle  of  gravel 
sand,  constituting  a  typical  desert  plain  from  which  detached  mo 
tain  ranges  rise  abruptly  at  intervals.    These  ranges  have  steep  sid 
are  deeply  recessed  by  canyons,  and  have  remarkably  ragged 
pinnacled  summits.     The  .plain  slopes  up  toward  the  mountains 
is  built  of  the  products  of  their  disintegration.     The  deposits 
thick,  for  they  have  been  accumulating  for  a  long  time  and  every  n 
causes  a  local  flood  that  carries  the  rock  waste  farther  and  fart 
down  the  slopes  and  at  the  same  time  adds  a  new  supply  from 
mountain  sides. 

There  are  many  instructive  illustrations  of  the  relations  of  th 
desert  plains  from  Needles  all  the  way  across  southern  California, 
some  of  the  most  impressive  ones  are  in  the  region  southwest  of  Go 
Rain  is  infrequent  in  this  region,  as  the  average  total  precipitatio 
considerably  less  than  6  inches  a  year.     However,  much  of  the  r 
falls  in  remarkably  heavy  showers,  or  cloudbursts,  which  quic 
flood  the  drainageways  with  a  swiftly  flowing  body  of  water  s 
ciently  powerful  to  roll  large  bowlders,  and  to  transport  a  vast  amo 
of  fine  material  far  down  the  slope.     These  floods  are  exc 


cut  by  masses  of  darker  rocks.  It  also 
contains  some  large  bodies  of  diorites 
which  are  cut  by  the  granites.  Half  a 
mUe  southeast  of  Goffs,  at  the  foot  of  the 
main  mountain  mass,  there  is  a  con- 
spicuous butte,  capped  by  black  lava 
(basalt).  Two  miles  south  of  the  station 
there  id  a  high  peak,  known  as  Black  Top, 
just  west  of  the  main  mountain  slope.  I  te 
tabular  top  is  due  to  a  thick  sheet  of  lava 
(basalt),  which  lies  on  a  thick  deposit  of 
sand  and  granite  bowlders  that  are  under- 
lain by  the  coarse  granite  of  the  main 
mountain  slope.  This  peak  is  a  conspic- 
uous feature  for  many  miles  to  the  west. 
Three  miles  north  of  Goffs  several  low 
hills  rise  above  the  desert.  They  consist 
of  white  granite,  a  material  that  also  con- 
stitutes the  higher  ridges  farther  north 
to  and  beyond  the  Leiser-Ray  mine,  8 
miles  northeast  of  Goffs,  and  the  Cali- 
fornia copper  mine,  9  miles  northwest  of 
Goffs.  A  prominent  butte  known  as 
Signal  Peak,  a  short  distance  southeast  of 
the  Leiser-Ray  mine,  is  capped  by  black 
lava  (basalt)  similar  in  relations  to  the 


lava  caps  south  of  Goffs  and  of  the 
age.    Smaller  masses  of  this  rock  also 
from  the  desert  in  low  buttes  8 
northwest  of  Goffs.    They  are  partsJ 
lava  flows  that  were  poured  out  over 
desert  surface  at  a  time  not  very  rei 

In  the  high  ridges  in  the  region  m 
and   west  of  Vontrigger  (see  sheet 
the  next  station  on  the  Barnwell  brai 
10  miles  northwest  of  Goffs,  there 
thick  series  of  Tertiary  igneous  roc] 
the  same  character  as  that  in  Black  Mi 
near  Kingman,  Ariz.    It  overlies 
ite  along  a  line  that  passes  a  short 
tance  west  of  the  California  mine, 
series  consists  of  thick  sheets  of  tuff 
agglomerate  alternating  with  ex1 
flows  of  light-colored  lavas  (rhyolite 
latite).    These  sheets  dip  to  the  east 
southeast,  and  the  harder  beds  pi 
great  steplike  cliffs  facing  the  west 
northwest.    These  cliffs  are  conspicul 
far  to  the  north  to  the  traveler  from 
to  Fenner,  and  northwest  of  Fenner  aj 
against  the  east  flank  of  the  Provide 
Mountains. 
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troublesome  to  the  railway  company,  which  must  make  long  deflec- 
tion ditches  and  dikes  to  prevent  serious  washouts.  Work  of  this 
sort  along  the  Santa  Fe  lines  in  the  desert  region  has  been  as  large 
an  item  of  expense  as  flood  protection  and  repair  in  regions  where 
there  are  large  rivers  subject  to  freshets.  The  run-off  is  very  rapid 
in  the  deserts,  because  the  rocks  are  bare,  the  soil  is  hard,  and  most  of 
the  slopes  are  steep.  Very  little  water  passes  underground,  and 
springs,  even  in  the  mountains,  are  exceedingly  rare.  Much  water, 
however,  is  lost  by  evaporation. 

Fenner  is  on  a  desert  plain  or  flat-bottomed  valley  of  consider- 
able width.     (See  PL  3C2LIX,  p.  150.)     A  few  miles  to  the  east  rises 

the  high  mountain  range  which  begins  at  Goffs  and 
extends-  far  to  the  south.     Its  higher  part,  southeast 

SSSSKESi-tf  Danby>  »  k*0™  **  01d  Woman  Mountain.    Tim 

range  consists  largely  of  granites  but  also  includes 

some  limestone  which  has 'been  mostly  altered  to  marble  by  the 

intrusion  of  igneous  rocks.    The  heat  and  pressure  of  these  intrusions 

are  the  agencies  which  have  effected  this  change.    The  process  is 

one  of  crystallization,  the  massive  or  earthy  limestone  changing  into 

an  aggregation  of  crystals,  usually  white,  to  form  marble. 

The  .prominent  range  known  as  the  Providence  Mountains,  west 
and  northwest  of  Fenner,  consists  of  a  thick  mass  of  limestones  and 
other  sedimentary  rocks  (Cambrian,  Devonian,  and  Carboniferous) 
lying  on  granites  and  cut  by  thick  bodies  of  monzonite  and  rhyolite. 
These  mountains  are  the  south  end  of  a  great  north-south  divide 
which  separates  the  Las  Vegas  and  Colorado  valleys  on  the  east  from 
the  deserts  on  the  west  and  which  in  general  seems  to  be  an  impor- 
tant but  little  understood  geologic  boundary  in  this  region.  In  its 
northern  extension,  known  as  the  Charleston  Range,  near  Good 
Springs,  there  are  rich  mines  of  lead  and  zinc,  and  a  remarkable 
deposit  of  gold,  platinum,  and  palladium  ore  has  recently  been  dis- 
covered. The  range  contains  also  interesting  stratified  formations 
not  found  to  the  west  in  southern  California.  The  southwestern 
course  of  the  railway  from  Needles  to  Cadiz  was  determined  for  the 
purpose  of  paralleling  the  east  side  and  getting  around  the  south  end 
of  this  range,  which  is  reached  at  Cadiz. 

The  basin  about  Fenner  is  probably  underlain  by  later  volcanic 
rocks,  portions  of  which  protrude  above  the  plain  in  many  small 
buttes.  One  of  these  is  a  mile  northeast  of  the  station,  and  a  group 
of  them  occurs  about  10  miles  due  west  of  Fenner.  They  consist 
of  rhyolite,  a  fine-grained  brown  glassy-looking  rock,  much  of  which 
contains  cindery  fragments  and  many  vesicular  cavities  caused  by  the 
steam  included  at  the  time  of  outflow.  In  the  midst  of  these  rhyolite 
hills,  10  miles  west  of  Fenner,  there  is  an  outcrop  of  pure  white  marble 
which  some  time  may  have  economic  importance. 
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From  Fenner  to  Danby  the  railway  descends  the  valley  near  its 
center.  A  short  distance  to  the  west  rises  a  high  ridge  known  as 
Clipper  Mountain,1  which  consists  mainly  of  a  thick  succession  of 
Tertiary  volcanic  rooks,  which  lie  on  gneiss  that  crops  out  extensively 
at  the  north  end  of  the  range.  This  ridge  is  about  10  miles  long  and 
some  of  its  peaks  rise  more  than  1,500  feet  above  the  surrounding 
plain.  The  rugged  slopes  of  Clipper  Mountain  present  a  great  variety 
of  strong  colors,  mostly  yellow  and  brown,  due  to  the  oxidation  of 
the  tuffs  and  other  rocks. 


1  The  rocks  of  Clipper  Mountain  are 
principally  tuffs  and  agglomerates,  inter- 
bedded  with  many  thick  flows  of  light- 
colored  lava  (rhyolite)  and  penetrated  by 
a  number  of  thick  stocks  of  this  and  other 
igneous  rocks.  The  tuff  and  ash  beds 
near  the  top  are  capped  by  a  thick  sheet 
of  black  lava  (basalt),  which  dips  north- 
westward. Small  masses  of  this  kind  of 
lava  also  appear  at  several  points  in  the 
plain  south  and  southwest  of  the  moun- 
tain, but  these  are  probably  of  later  age 
than  the  summit  cap.  The  agglomerate, 
tuff,  and  ash  of  this  succession  were 
ejected  from  volcanic  vents  and  probably 
accumulated  very  rapidly,  with  intervals 
in  which  eruptions  of  rhyolite  and  other 
lavas  flowed  over  their  surface.  The 
final  eruption  was  the  sheet  of  black  lava 
(basalt)  now  capping  Clipper  Mountain, 
which  probably  flowed  out  at  the  same 
time  as  the  sheets  capping  Signal  Peak, 
north  of  Goffs,  and  Black  Top,  southwest 
of  Goffs.  The  same  succession  also  con- 
stitutes the  high  ridge  extending  through 
Vontrigger  to  the  east  slope  of  the  Prov- 
idence Mountains  northwest  of  Fenner. 

Southeastern  California  presents  the 
record  of  a  varied  succession  of  events, 
mostly  of  igneous  activity  on  a  land  sur- 
face, during  later  geologic  time.  Great 
masses  of  molten  rock  were  intruded 
through  the  various  older  sedimentary 
rocks,  followed  at  intervals  by  the  outflow 
of  lavas  and  the  ejection  of  fragmental 
volcanic  material .  Some  of  these  volcanic 
outbursts  were  so  recent  that  they  appear 
to  have  been  almost  within  the  historic 
period.  The  largest  bodies  of  lava,  how- 
ever, were  accumulated  in  middle  and 
later  Tertiary  time,  when  a  vast  amount  of 


fragmental  material  was  thrown  out  of 
numerous  vents  of  various  kinds  and 
spread  over  a  wide  area.  These  formed 
thick  deposits  of  breccias,  which  consist 
mostly  of  fragments  of  lava,  tuff,  or  finer- 
grained  ejected  material  of  the  nature  of 
ash  and  cinders,  in  part  mixed  with  large 
volumes  of  fine  volcanic  ash.  Most  of 
this  ejected  matter  was  piled  up  as  it  fell, 
but  in  some  places  water  had  a  part  in  its 
distribution,  and  from  some  of  the  vents 
there  also  came  extensive  mud  flows. 
At  intervals  and  from  place  to  place  there 
were  great  outflows  of  lavas  of  various 
kinds,  which  spread  widely  over  the  eur- 
face  of  the  deposits  of  fragmental  material, 
and  subsequently  were  buried  beneath 
accumulations  of  breccia,  tuff,  and  ash. 
In  general,  the  order  of  rocks  erupted  in 
Tertiary  time  has  been  latite,  rhyolite, 
diabase  rhyolite,  and  several  varieties  of 
basalt.  The  configuration  of  the  region 
was  probably  much  smoother  at  that  time 
than  it  is  now,  for  in  general  the  old  rock 
surface  on  which  the  volcanic  deposits 
lie  appears  to  be  smooth  at  most  localities. 
In  places,  however,  ridges  of  older  rocks 
protruded  which  were  not  covered  by  the 
volcanic  materials .  Af  tar  the  main  period 
of  volcanic  action  in  Tertiary  time  the 
region  was  uplifted  and  the  beds  broken 
and  tilted.  It  is  from  the  erosion  of  this 
irregular  surface  by  streams  and  other 
agencies  that  most  of  the  present  land 
forms  are  derived.  In  places  the  up- 
lifted volcanic  rocks  have  been  removed, 
laying  bare  the  underlying  older  rocks. 
Several  times  after  the  uplift  there  were 
extensive  eruptions  of  later  lavas,  some 
of  thom  accompanied  by  the  ejection  of 
tuff,  ash,  and  other  fragmental  material. 
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By  the  judicious  use  of  a  small  amount  of  water  and  fertilizer, 
date  palms,  cottonwoods,  and  various  other  plants  have  been  culti- 
vated at  Danby,  making  the  place  an  oasis  in  the 
**  J*  desert.     Water  is  obtained  from  a  well,  and  an  addi- 

K^Sttyl^^iies.  ti(?nal  supply  is  brought  by  a  pipe  from  a  spring  4 

miles  to  the  northwest,  where  a  tunnel  has  been  run 
into  the  hillside  in  such  a  way  as  to  gather  the  water  seeping  from  a 
small  fissure  in  the  volcanic  rocks.  Clipper  Mountain,  with  its  bright- 
colored  slopes  and  steep  pinnacles  of  volcanic  rocks,  is  a  conspicuous 
feature  north  of  Danby  station.  Five  or  six  miles  east  of  Danby 
are  the  Piute  Mountains,  and  to  the  southeast  rises  Old  Woman 
Mountain,  both  ranges  presenting  long,  bare  slopes  and  rugged  peaks 
of  granite. 

From  Danby  to  Siam,  a  distance  of  7  miles,  the  railway  descends 
the   broad    desert   valley   on    a   southwesterly   course.     Southeast 

of  milepost  640  several  scattered  knobs *  of  volcanic 
Siam.  rock  rise  from  the  desert  a  short  distance  east  of 

Elevation  1,037  feet,     the  tracks.     These  are  outliers  of  Ship  Mountain, 

KansasCity  1,563  miles.         i,ix  •  *  11  ,  •  , 

a  short  but  prominent  range  which  continues  to  a 
point  7  or  8  miles  southeast  of  Siam.  A  deposit  of  volcanic  ash 
and  some  associated  tuif  in  the  ridge  3  miles  east  of  Siam  is  about 
100  feet  thick,  and  portions  of  it  are  snowy  white  and  sufficiently 
pure  to  be  serviceable  as  polishing  powder.  Material  of  this  charac- 
ter is  used  in  many  of  the  cleansing  powders  now  on  the  market. 

A  short  distance  south  of  Siam  there  is  considerable  limestone, 
most  of  which  has  been  changed  to  marble  by  the  heat  of  intruded 
granite.  This  marble  constitutes  a  high  ridge  2  miles  southeast  of 
Siam  and  several  outlying  knobs  west  of  the  foot  of  the  ridge  at 
intervals  southward  for  2}  miles.  The  marble  is  cut  off  to  the  north 
as  well  as  to  the  south  and  southeast  by  the  granite  constituting  the 
central  portion  of  Ship  Mountain.  In  the  Siam  mine,  2  miles  south- 
east of  Siam,  which  was  worked  for  several  years,  considerable  gold 
and  copper  ore  was  found  along  or  near  the  contact  of  the  marble  and 
granite.  In  places  in  the  altered  limestone  east  of  Siam  there  are 
seams  and  pockets  of  yollow  and  red  ocher  of  excellent  quality. 
This  material  is  extensively  used  for  paints. 

North  of  the  railway  beyond  Siam  are  the  Iron  Mountains,  a 
narrow  but  prominent  range  which  is  in  general  a  southward  contin- 


1  The  knobs  just  east  of  milepost  640 
consist  of  rhyolite,  but  farther  back  there 
is  a  Bmall  knob  of  basalt,  and  still  farther 
southeast  rises  a  prominent  tabular  mass 
in  which  a  thick  sheet  of  lava  (basalt)  caps 
a   deposit  of  volcanic  ash,   overlying  a 


thick  body  of  angular  fragments  of  gneiss. 
The  sheet  of  basalt  dips  northeastward 
and  passes  beneath  the  desert  plain,  which 
is  here  about  10  miles  wide  and  which 
extends  to  the  west  foot  of  Old  Woman 
Mountain. 
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Cadiz. 


uation  of  the  Providence  Mountains.     To  pass  the  south  end  of  this 

range  the  railway  has  to  be  deflected  far  southward  in  its  course 

beyond  Goffs. 

At  milepost  646  the  railway  passes  the  south  end  of  the  Iron 

Mountains1  and  bears  slightly  north  of  west  to  Cadiz.     Along  the 

west  side  of  the  mountains  is  a  westward-facing  cliff 
of  the  sandstone  and  limestone,  surmounting  rugged 

Elevation  821  feet.      slopes  of  granite.     At  a  point  on  the  mountain  slope 

Kansas  City  1,509  miles.        r .,  '  -  ^     , f  ,         ,  l 

2  miles  northeast  of  Cadiz  a  quarry  has  been  opened 
in  dark  Cambrian  limestone,  which  yields  a  material  of  attractive 
appearance,  but  it  has  not  yet  been  shipped  to  any  great  extent. 

At  Cadiz  the  main  line  is  joined  by  a  branch  from  Phoenix,  Ariz., 
which  crosses  Colorado  River  at  Parker,  60  miles  below  Needles,  and 
rises  with  easy  grade  over  the  divide  that  separates  the  river  valley 
from  the  long  basin  extending  to  Cadiz  and  beyond.  One  branch  of 
this  basin  is  followed  by  the  main  line  of  the  railway  from  Goffs  to 
Cadiz,  far  down  its  slope. 

From  Cadiz  westward  the  course  of  the  track  is  somewhat  north  of 
west,  through  the  center  of  a  series  of  wide  basins  bordered  on  both 
sides  by  high  mountain  ranges.     The  bottom  of  this  basin  is  reached 


1  The  Iron  Mountains  present  a  con- 
siderable variety  of  rocks,  including  pre- 
Gambrian  granite  and  overlying  quartz- 
ites,  limestones,  and  shales  of  Cambrian 
to  Carboniferous  age.  These  are  cut  by 
masses-  of  intrusive  rocks  which  have 
altered  most  of  the  limestone  to  marble. 
In  places  thick  deposits  of  volcanic  ash 
and.  tuff  lie  on  the  older  rocks  and  are  in 
turn  overlain  by  a  thick  sheet  of  black 


body  of  overlying  limestone  and  shale, 
aU  dipping  steeply  to  the  east.  From  the 
vicinity  of  milepost  645,  which  is  about 
halfway  between  Siam  and  Cadiz,  the 
contact  of  these  sedimentary  rocks  on  the 
granite  is  visible  about  half  a  mile  north- 
west of  the  track,  as  shown  in  figure  37. 
The  contact  and  the  beds  all  dip  at  a 
moderate  angle  to  the  east.  The  granite 
has  a  wave-worn  surface,  and  the  beds 


:Sandi^~-^~« 


Fioube  37.— Sketch  section  showing  quartslte  (hard  sandstone)  on  granite  at  south  end  of  the  lion 

Mountains,  southwest  of  Siam,  Cal.,  looking  north. 


lava  (basalt),  capped  by  a  sheet  of  light- 
colored  lava  (rhyolite).  The  sheets  of 
lava  cap  a  succession  of  high  eastward- 
sloping  ridges  on  the  summit  and  east  side 
of  the  range,  6  to  8  miles  north  of  the  rail- 
way. 

The  granite  crops  out  extensively  in  the 
two  gaps  near  the  south  end  of  the  range. 
It  is  overlain  in  ridges  north  and  south  of 
these  gaps  by  rocks  of  Cambrian  age,  con- 
sisting of  a  basal  quartzite  with  a  thick 


were  deposited  on  this  surface  when  it 
was  a  sea  bottom,  a  fact  which  establishes* 
the  age  of  the  granite  as  pre-Cambrian. 
A  small  knob  a  short  distance  west  of 
milepost  644  is  of  rhyolite,  like  the  knobs 
east  of  Siam  and  others  farther  north  on 
the  east  side  of  the  Iron  Mountains. 

This  is  the  southernmost  place  at  which 
Cambrian  fossils  have  been  found  and 
apparently  the  southernmost  outcrop  of 
the  Paleozoic  rocks  in  this  region. 
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between  Bengal  and  Amboy,  at  an  elevation  of  613  feet,  a  descent  of 
1,975  feet  from  the  divide  east  of  Goffs.  The  origin  of  this  basin  has 
not  been  fully  ascertained,  but  as  the  depression  is  completely  sur- 
rounded by  a  rock  rim  it  can  not  be  due  entirely  to  erosion  and  prob- 
ably has  resulted  from  tilting  of  a  portion  of  an  old  stream  valley. 

The  bottom  of  the  general  oasin  consists  of  a  series  of  broad  saucer- 
like hollows  or  playas  l  in  which  lakes  usually  form  when  the  rainfall 
is  sufficiently  heavy.  Because  evaporation  is  fairly  rapid  and  the 
precipitation  meager,  these  lakes  soon  dry,  leaving  their  dissolved 
salts,  such  as  sodium,  chloride  and  calcium  sulphate,  together  with 
more  or  less  fine  sediment.  These  accumulations  have  been  in 
progress  for  a  long  time,  and  there  is  now  a  thick  body  of  them 
forming  the  floor  of  the  basin.  Sodium  chloride  (common  salt) 
exists  in  large  amount,  and  there  is  also  considerable  gypsum.  These 
deposits  are  quarried  extensively  east  of  Amboy.  At  Saltus  siding, 
near  milepost  657,  there  is  a  salt  refinery  a  short  distance  south  of 
the  railway,  which  ordinarily  produces  a  car  or  two  of  salt  a  day. 
The  salt  is  mined  4  miles  farther  south,  in  the  lowest  part  of  the 
basin,  and  brought  by  the  company's  railway  to  the  works,  where 
it  is  refined  for  market.  The  mining  is  done  by  open  pits.  The  salt 
is  covered  by  a  few  feet  of  sand,  under  which  the  nearly  white  rock 
salt  forms  a  pavement  of  wide  extent.  It  is  in  several  layers,  sepa- 
rated by  thin  deposits  of  silt,  and  from  5  to  7  feet  of  it  is  taken  out 
at  most  places. 

The  gypsum  occurs  in  irregular  bodies,  one  of  which  crops  out 
along  the  railway  from  milepost  657  nearly  to  Amboy.  It  forms  a 
white  crusty  surface  with  protruding  lumps  of  harder  masses  of  the 
mineral.  A  short  distance  north  of  the  track,  as  well  as  at  Amboy, 
it  is  covered  by  wash  from  the  mountain  slopes.     Just  south  of  mile- 


*A  play*  is  a  shallow,  flat-floored  de- 
pression, characteristic  of  valleys  having 
no  regular  drainage  to  the  sea,  in  which 
storm  waters  collect  and  evaporate.  It 
may  be  a  shallow  lake  or  a  salt-incrusted 
mud  flat. 

In  his  description  of  the  ancient  Lake 
Lahontan,  in  Nevada,  Russell  writes: 

"The  scenery  on  the  larger  playas  is 
peculiar  and  is  usually  desolate  in  the 
extreme  but  is  not  without  its  charm. 
In  crossing  these  wastes  the  traveler  may 
ride  for  miles  over  a  perfectly  level  floor, 
with  an  unbroken  sky  line  before  him 
and  not  an  object  in  sight  to  cast  a  shadow 
on  the  ocean-like  expanse.  Mirages, 
which  may  be  seen  almost  every  day  on 
these  heated  deserts,  give  strange  fanciful 


forms  to  the  mountains  and  sometimes 
transfigure  them  beyond  recognition.  A 
pack  train  crossing  the  desert  a  few  miles 
distant  may  appear  like  some  strange 
caravan  of  grotesque  beasts  fording  a 
shallow  lake,  the  shores  of  which  advance 
as  one  rides  away.  The  monotony  of 
midday  on  the  desert  is  thus  broken  by 
elusive  forms  that  are  ever  changing  and 
suggest  a  thousand  fancies  which  divert 
the  attention  from  the  fatigues  of  the 
journey.  The  cool  evenings  and  morn- 
ings in  these  arid  regions,  when  the  purple 
shadows  of  distant  mountains  are  thrown 
across  the  plain,  have  a  charm  that  is 
unknown  beneath  more  humid  skies, 
and  the  profound  stillness  of  the  night  in 
these  solitudes  is  always  impressive.' 
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post  659  there  are  extensive  pits  6  to  8  feet  deep  in  which  the  gypsum 
is  obtained.  It  is  carried  by  a  small  railway  to  the  plaster  mill  at 
Amboy,  where  it  is  heated  to  expel  the  water  and  ground  to  the  fine 
powder  known  as  plaster  of  Paris. 

Amboy  is  dependent  on  the  plaster  mill  and  a  few  mines  in  the 
mountains.    A  stage  line  which  runs  to  Dale,  a  mining  camp  45 

miles  to  the  south,  crosses  the  lowest  part  of  the 
Amboy.  basin  near  the  salt  deposit  and  goes  through  a  pass  or 

Elevation  6i4  feet.       depression  in  the  Sheep  Hole  Mountains,  which  are 

Kansas  City  1,583  mOes.    .*  ._  *■     __  .  m 

about- 11  miles  distant.  These  mountains  consist  of 
granite  and  schist  of  pre-Cambrian  age  and  form  a  part  of  the  topo- 
graphic barrier  of  granite  and  other  igneous  rocks  which  borders  the 
south  side  of  the  valleys  traversed  by  the  railway  as  far  as  Barstow. 

The  Marble  Mountains,  constituting  the  north  rim  of  the  basin  a 
few  miles  north  of  Amboy,  consist  mainly  of  coarse-grained  granites, 
mostly  light  gray,  penetrated  by  large  bodies  of  dark  coarse-grained 
quartz  monzonite.  Many  masses  of  limestone  altered  to  white 
marble  occur  north  and  northeast  of  Amboy.  At  one  locality  4  miles 
north  of  Amboy  considerable  iron  ore  has  replaced  the  limestone  near 
the  igneous  contact.  In  the  foothills  of  this  range  2  J  miles  north  of 
Amboy  there  is  a  low  ridge  of  light-colored  lava  (rhyolite),  and  a 
short  distance  northwest  of  this  a  large  rounded  hill  of  fine-grained, 
dark-colored  rock  (diorite),  probably  much  older  than  the  lavas. 
A  mile  east  of  these  knobs  is  a  small  pit  in  light-colored  clay  which 
has  been  used  for  mixing  with  the  plaster  at  the  Amboy  mill.  This 
clay  is  probably  part  of  the  mass  of  earlier  sediments  that  underlie 
the  valley  and  are  here  upturned  along  the  foot  of  the  mountain  rim. 
A  700-foot  well  in  Amboy  is  reported  to  be  entirely  in  sand  and 
gravel  and  to  have  yielded  only  salt  water,  which  occurred  in  con- 
siderable volumes,  especially  near  the  surface.  At  a  depth  of  70 
feet  it  penetrated  a  deposit  of  gypsum. 

Summer  temperatures  in  this  part  of  the  desert  are  very  high,  those 
at  Amboy  often  exceeding  120°  F.  However,  the  mean  annual  tem- 
perature at  Amboy  is  much  less  than  that  of  places  at  lower  altitudes 
farther  south  within  our  borders,  a  maximum  of  130°  having  been 
recorded  at  Salton,  in  the  Colorado  Desert.  The  rainfall  in  the 
desert  region  of  southeastern  California  to  Barstow  and  beyond  is 
very  small,  averaging  only  about  5  inches  a  year.  West  of  Amboy  the 
train  passes  a  series  of  rather  recent  volcanic  cones  and  lava  flows. 

In  the  center  of  the  basin,  not  far  southwest  of  Amboy,  there  is  a 
fine  cinder  cone  on  an  extensive  sheet  of  black  lava  (basalt).  This 
lava  is,  geologically,  very  recent  and  may  have  flowed  out  over  the 
bottom  of  the  basin  within  the  last  thousand  years.  It  covers  a 
nearly  circular  area  about  5  miles  in  diameter.  Its  surface  is  remark- 
ably rough,  being  covered  with  large  blisters,  most  of  them  broken, 
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and  it  had  many  caverns  where  the  hot  lava  has  run  out  at  lower 
levels  as  it  congealed  at  the  surface.  All  the  rock  is  black,  practi- 
cally unchanged  by  weathering,  and  full  of  vesicles  or  small  holes, 
due  to  the  escape  of  steam  carried  by  the 'molten  lava.  The  edge  of 
the  sheet  is  irregular,  just  as  the  lava  congealed  at  the  margin  of  the 
flow.  At  milepost  664  the  railway  is  at  the  north  edge  of  the  lava, 
which  it  follows  for  a  mile  or  more  to  the  west,  affording  an  excep- 
tionally interesting  and  instructive  view  of  the  flow  and  cone.  The 
cone,  which  is  near  the  center  of  the  flow,  about  2  miles  south  of 
milepost  664,  is  about  200  feet  high.  It  consists  of  a  pile  of  black 
or  dark-gray  cinders  or  pumice,  with  a  large  crater  in  the  center. 
In  its  southwest  side  there  is  a  deep  breach,  from  which  extends  a 
thin  later  sheet  of  lava  that  flowed  out  over  the  main  sheet.  This 
accumulation  of  cinders  marks  the  later  stage  of  the  eruption,  when 
the  vent  sputtered  out  a  shower  of  cinders  and  fragments  of  lava 
frothing  with  steam  bubbles.     At  the  same  time  there  were  ejected 
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Figure  38.— Ideal  section  through  a  recent  lava  field  and  vent. 

occasional  bombs  of  more  or  less  completely  consolidated  lava,  which 
are  now  embedded  in  the  cinder.  This  volcano  and  the  pne  at  Pisgah, 
*  43  miles  farther  west,  are  exceptionally  good  examples  of  a  modern 
lava  flow,  and  many  features  of  both  are  visible  from  the  train.  The 
structural  relations  of  flows  of  this  character  are  shown  in  figure  38. 
From  Amboy  to  Bagdad  the  railway  line  begins  to  rise  gradually 
on  the  west  slope  of  the  basin. 

All  trains  stop  at  Bagdad  for  water  and  fuel  oil.     The  water  is 
brought  daily  on  a  train  of  20  tank  cars  filled  from  springs  at  New- 
berry, 56  miles  to  the  west.     Deep  borings  at  Bag- 
dad and  at  other  points  in  the  basin  have  obtained 
Elevation  787  feet.       onjy  sa^  water.1    A  short  distance  north  of  Bagdad 

KansasCIty  1,590 miles.  .       J  -  .,  ,  ,   ,  ,      .  ,  _~° 

is  a  low  ridge  which  extends  far  to  the  northwest. 
It  consists  of  dark  massive  igneous  rock  (quartz  monzonite),  overlain 
by  volcanic  tuffs  and  sheets  of  lava  (rhyolite).  About  9  miles  north 
of  Bagdad  are  the  Marble  Mountains,  already  mentioned.  In  this 
range  is  located  the  Orange  Blossom  mine  (in  granite  aplitr),  which 
has  yielded  copper  ore  carrying  more  or  less  gold. 


Bagdad. 


1  In  preserving  for  the  traveler  the 
water  supply  of  this  desert  country  the 
cactus  plays  an  interesting  part.  The 
rootB  of  this  distinctly  American  plant 
extend  widely,  for  the  most  part  at  2  to  4 


inches  below  the  surface,  so  that  they 
suck  up  a  quantity  of  water  from  the  soil 
very  quickly  after  a  rain.  Once  stored 
in  its  tissues,  this  water  is  retained  by 
the  cactus  with  great  tenacity.    Water 
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South  of  Bagdad  there  is  a  desert  plain  8  miles  across,  partly  filled 
on  the  east  with  the  lava  sheet.  West  of  this  sheet  the  flat  contains 
salty  and  gypsum-bearing  deposits,  mixed  with  more  or  less  fine 
sand.  This  is  the  west  end  of  the  basin  which  contains  the  salt  and 
gypsum  east  and  south  of  Amboy  but  which,  just  west  of  Amboy, 
is  floored  with  lava.  On  the  south  side  of  the  basin  rises  a  prominent 
ridge  of  volcanic  rocks  of  supposed  Tertiary  age,  consisting  of  agglom- 
erate and  tuff  associated  with  large  bodies  of  light-colored  lavas 
(latite  and  rhyolite).  An  old  lead-silver  mine  in  this  range  has  pro- 
duced considerable  high-grade  ore  from  a  vein  that  is  exceptionally 
well  exposed  at  the  surface.  Three  miles  farther  south  is  the  high 
range  known  as  the  Bullion  Mountains,  which  consists  of  igneous 
rocks  of  various  kinds. 

West  of  Bagdad  the  train  begins  to  climb  rapidly  out  of  the  basin 
along  the  slopes  of  cinder  cones  and  masses  of  black  lava  (basalt) 
lying  on  older  granitic  rocks.  Halfway  between  mileposts  672  and 
673  a  small  black  hill  south  of  the  railway  is  evidently  the  remnant 
of  a  cone  or  larger  mass  of  basalt.  Near  milepost  674  there  is  in  view 
just  north  of  the  track  a  large  cone  made  up  of  inclined  beds  of 
reddish  cinder. 

Another  similar  cone  is  also  visible  a  few  miles  farther  northeast. 
As  the  train  ascends  the  slope  to  the  north  it  approaches  hills  and 
ridges  of  volcanic  tuff  and  ash,  overlain  in  places  by  flows  of  basalt. 
A  mile  south  of  milepost  678  several  small,  low  black  knob3  rise  out 
of  the  desert  'plain,  probably  the  remnants  of  an  old  crater  or  a  flow 
of  lava  (basalt),  considerably  eroded  and  buried  by  sand  and  gravel. 
West  of  Siberia  siding  the  railway  makes  some  long,  sweeping  horse- 
shoe curves  in  rising  on  the  slope  of  the  basin.  These  curves  give 
fine  views  back  into  the  wide  basin,  in  which  the  cinder  cone  near 
Amboy  is  a  prominent  feature.     At  Klondike  siding  (milepost  682) 


absorbed  by  plants  is  evaporated  through 
their  green  surface.  Most  of  the  cactuses 
have  leaves,  but  as  a  rule  the  leaves  are 
minute  or  even  microscopic,  and  the 
structure  of  their  cells  is  such  as  to  hinder 
transpiration  and  conserve  the  water 
Btored.  In  the  walls  of  the  cells  are  thin 
sievelike  places  which  permit  the  easy 
passage  of  water  from  one  cell  to  another 
throughout  the  interior.  A  barrel  cactus 
was  found  to  contain  96  per  cent  of  its 
weight  of  water.  The  water  contained 
in  cactuses  is  often  palatable,  but  not  in- 
variably so.  It  is  interesting  to  note  that 
those  in  which  the  water  is  nauseous  are 
less  protected  by  spines  than  those  whose 
juice  is  sweet  and  tempting.  In  experi- 
menting wjth  desert  mice  it  was  found 


that  they  will  not  drink  water,  a  fact 
which  suggests  that  they  secure  moisture 
from  the  plants  they  consume,  or  possibly 
they  have  a  special  means  of  separating 
moisture  from  the  air.  The  spines  of  the 
cactus  are  straight  or  curved,  hairy  or 
featnery,  and  grouped  in  starry  clusters 
or  in  rows.  They  have  been  used  for 
fishhooks,  needles,  and  combs  and  in  va- 
rious other  ingenious  wayB  by  the  prim- 
itive tribes.  The  flowers  of  the  cactus 
vary  in  form,  and  most  of  them  are  ex- 
tremely beautiful.  The  different  species 
display  brilliant  tints  of  purple,  yellow, 
orange,  and  rose.  Some  open  by  day; 
others  by  night.  Many  of  the  species 
bear  edible  fruits,  and  the  seeds  of  some 
are  used  by  the  Indians  for  food. 
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ail  altitude  of  1,652  feet  is  attained.  To  the  northeast  are  hills  of 
volcanic  tuff  and  ash,  and  one  long  butte  capped  with  black  lava 
(basalt).  To  the  southwest  is  a  group  of  hills  of  tuff  with  bodies  of 
light-colored  lava  (rhyolite),  which  extends  for  some  distance  west. 

At  milepost  684  the  railway  is  just  south  of  hills  of  volcanic  tuff, 
capped  with  basalt,  and  just  south  of  the  track  is  the  end  of  a  lava 
flow  at  a  lower  level,  upon  which  the  train  runs  within  a  short  dis- 
tance. At  the  next  milepost  the  lava  of  this  flow  is  exposed  in  rail- 
way cuts.  It  occupies  a  saddle  or  wide  valley  which  extends  westward 
past  Ash  Hill  siding.  Here  the  train  passes  over  a  divide  (altitude 
1,944  feet)  in  a  depression  between  the  hills,  to  the  north  and  south, 
which  rise  a  hundred  feet  higher.  The  entire  surface  of  the  divide,  as 
well  as  the  adjoining  slopes,  is  covered  with  a  lava  flow  (basalt)  of 
relatively  recent  age  though  not  nearly  so  recent  as  the  one  in  the 
basin  near  Amboy.  The  lava  extends  down  the  west  slope  also 
nearly  to  Ludlow;  its  source  was  probably  in  the  hills  north  of  Ash 
Hill  siding,  but  no  evidence  of  a  crater  was  noted  in  that  area. 

The  Tonopah  &  Tidewater  Railroad  runs  north  from  Ludlow  (see 
sheet  23,  p.  162)  to  Goldfield,  Nev.,  noted  for  its  rich  gold  mines,  and  a 

small  branch  road  goes  south  10  miles  to  the  Bagdad- 
Ludlow.  Roosevelt  mine.     Ludlow  is   in  the  south   end   of 

Elevation  1,779  feet,  another  basin,  which  extends  far  to  the  north.  For 
^c^mmn^onS  time  this  basin  has  been  receiving  the  drainage 

of  a  wide  area  of  surrounding  hills,  so  that  the  thick 
deposit  of  silt  and  sand  which  it  contains  includes  evaporation  prod- 
ucts as  well.  A  deep  boring  (1,500  feet)  at  Ludlow  and  another  (600 
feet)  8  miles  to  the  north  penetrated  many  sand  beds  containing 
water,  but  all  the  water  carried  so  much  salt  that  it  could  not  be  util- 
ized. The  water  for  town  and  railway  consumption  is  brought  from 
the  spring  at  Newberry  by  a  daily  train  of  tank  cars.  A  short  distance 
south  of  Ludlow  are  buttes  and  ridges  of  volcanic  agglomerato  and 
tuff  containing  sheets  and  intruded  masses  of  light-colored  lava 
(rhyolite)  .* 


1  Nine  miles  south,  at  the  Bagdad- 
Roosevelt  mine,  there  are  ridges  of  older 
igneous  rocks  (mainly  monzonite  por- 
phyry and  latite).  A  sheet  of  breccia  of 
considerable  extent  at  this  place  carries 
gold  and  also  in  places  rich  copper  ores, 
which  have  been  extensively  mined. 
This  ore-bearing  breccia  is  a  rhyolite  por- 
phyry crushed  into  fragments  and  ce- 
mented together  by  silica.  Its  relations 
are  clearly  exposed  in  outcrops  and  some 
of  the  shallower  workings.  Northwest  of 
Ludlow  there  is  a  high  rugged  range 

1)7579°— Bull.  613—15 11 


known  as  the  Oady  Mountains,  consisting 
of  bright-colored  volcanic  tuffs  and  lavas 
(rhyolite),  in  large  part  of  green,  brown, 
and  buff  tints.  This  series  also  constitutes 
the  hills  and  ridges  northeast  of  Ludlow, 
but  farther  north,  near  Broad  well  station 
on  the  Tonopah  &  Tidewater  Railroad, 
high  ranges  of  light-colored  granite  stand 
on  both  sides  of  the  basin.  Thirteen 
miles  northeast  of  Ludlow  volcanic  tuffs 
capped  by  black  lava  (basalt)  are  ex- 
posed, abutting  against  granite  in  the 
slope  of  the  higher  ridge  on  the  north. 
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The  bottom  of  the  basin  a  few  miles  north  of  Ludlow  usually  pi 
sents  a  vast  expanse  of  glistening,  mud-cracked  surface,  but  sometime 
it  is  covered  by  water.     This  bare  plain  is  in  conspicuous  contrast 
the  general  area  of  the  desert,  which  is  covered  with  the  creosote  bi 
(CoviUea  tridentata). 

Ludlow  is  the  outlet  for  the  Death  Valley  borax,  now  carried  by 
but  formerly  by  the  well-advertised  20-mule  team.     One  of  the  wage 
used  in  this  transportation  is  now  on  exhibition  on  the  north  side 
the  track  a  few  rods  beyond  the  station.     Its  capacity  is  10  tons. 

West  of  Ludlow  the  train  climbs  rapidly  along  the  slopes  of  butl 
of  volcanic  rocks  (rhyolite  and  tuff),  which  rise  to  considerable  heij 
in  a  series  of  ridges  extending  far  to  the  south.    These  rocks  are 
exposed  at  Argos  siding,  5  miles  west  of  Ludlow. 

At  a  point  1.4  miles  west  of  Argos,  just  beyond  milepost  700, 
train  crosses  a  low  divide  and  enters  another  basin.  The  bottoi 
the  basin  is  largely  occupied  by  a  very  recent  sheet  of  lava,1  the  ei 
of  which  is  half  a  mile  beyond  milepost  701.  The  railway  skirts 
northern  edge  of  this  lava  flow  for  6  miles,  or  to  a  point  a  short 
tance  beyond  Pisgah  siding.  Near  the  center  of  the  flow,  aboi 
miles  southeast  of  Pisgah  siding,  rises  a  beautifully  symmetrical  ci 


1  The  lava  is  black  and  cellular,  and  al- 
though the  sheet  is  not  very  thick  it  pre- 
sents a  surface  of  extreme  irregularity, 
closely  resembling  some  of  the  most  recent 
flows  in  other  portions  of  the  world. 

As  in  the  other  recent  flows,  the  lava 
welled  out  of  an  irregular  orifice  and 
spread  widely  over  the  bottom  of  the 
basin.  As  its  area  widened  the  surface 
congealed,  but  the  hot  lava  broke  out 
from  underneath,  causing  tunnels  and 
irregular  caved-in  areas  which  are  typical. 
That  the  molten  lava  was  filled  with  steam 
is  shown  by  the  scoriaceous  or  honey- 
combed character  of  the  rock.  Many  of 
the  details  of  flow  are  clearly  shown  by  the 
surfaces,  which  in  some  places  are  ropy,  as 
the  lava  puckered  in  congealing,  and  in 
others  are  glassy  and  smooth,  like  slag 
from  a  blast  furnace.  Many  of  the  tunnels 
are  extensive,  and  there  are  also  innumer- 
able huge  bubbles  or  blisters,  more  or  less 
cracked  by  deep  fissures  due  to  the  con- 
traction caused  by  cooling.  The  margin 
of  the  flow  presents  an  irregular  edge  of 
low  cliffs,  in  most  places  consisting  of 
great  masses  of  broken  fragments,  formed 


as  the  congealing  rock  was  pushed 
by  the  advance  of  the  flow. 

The  cinder  cone  was  built  up  at  thej 
of  the  eruption  and  undoubtedly 
the  place  of  the  orifice.    In  its  last  et 
the  action  was  mainly  a  violent  escaj 
steam,  which  blew  out  a  large  amoi 
cindery  or  pumiceous  material,  to[ 
with  occasional  hardened  masses  of 
This  was  all  thrown  to  a  consid< 
height  in  the  air,  and,  falling  on  all  i 
quickly  built  up  a  cone.    A  mass  of  < 
lying  against  the  west  inner  side 
cone  is  slightly  different  in  color, 
probably  is  the  product  of  a  final  su] 
mental  outburst. 

The  recent  date  of  this  cone  is  indie 
by  the  fact  that  the  pile  of  loose  mal 
has  not  been  affected  by  the  pow< 
erosive  processes  of  the  region,  and 
is  no  perceptible  oxidation  of  the  rocl 
cinders.  The  lava  still  shows  the  ji 
edges  due  to  accidents  of  flow,  and 
are  many  minute  stalactites  of  lava 
ing  in  the  roofs  of  the  tunnels.  Th< 
terial  also  overlies  and  abuts  against] 
deposits  that  are  of  recent  age. 
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cone  about  250  feet  high,  with  a  large,  deep  crater  in  its  summit.  This 
cone,  which  is,  usually  called  Mount  Pisgah.  is  as  fine  an  example  of  a 
recent  volcanic  outflow  as  can  be  seen  anywhere.  Some  of  its  features 
are  shown  in  Plate  XL  (p.  151). 

The  mountains  which  rim  the  basin  north  and  south  of  Pisgah  siding 
consist  mostly  of  granites,  the  thick  mass  of  volcanic  tuffs  and  lavas 
constituting  the  southeast  end  of  the  Cady  Mountains  northwest  of 
Ludlow  apparently  having  ended  at  a  point  northeast  of  Pisgah. 
From  Pisgah  to  Troy,  a  distance  of  12  miles,  there  is  a  down  grade  of 
368  feet  into  the  basin. 

North  and  south  of  Hector  there  are  low  hills  of  Tertiary  volcanic 
tuff.  The  western  extension  of  the  lava  sheet  from  Mount  Pisgah  lies 
some  distance  south  of  Hector,  but  it  is  approached  and  crossed  by 
the  railway  between  Hector  and  Troy. 

At  Troy  siding  the  basin  opens  out  westward  into  a  broad  flat 
that  extends  to  Mohave  River,  about  7  miles  to  the  north.  The 
plain  here  is  remarkably  smooth,  and  it  is  covered  in  part  by  silt  and 
in  part  by  low  sand  dimes.  In  an  area  of  considerable  extent  about 
Troy  there  is  a  large  volume  of  fairly  good  water  only  a  short  distance 
below  the  surface,  and  it  rises  within  4  feet  of  the  surface  near  the 
siding.  On  account  of  this  supply  a  number  of  settlers  have  recently 
taken  homesteads  in  this  flat,  expecting  to  pump  the  water  for  irriga- 
tion. At  most  places  here  the  water  does  not  carry  very  much  salty 
material,  for  this  part  of  the  valley  drains  into  Mohave  River,  and 
salts  appear  not  to  have  accumulated  in  it. 

A  short  distance  northeast  of  Troy  is  a  range  of  low  hills  consisting 
of  volcanic  tuff  and  lavas  (rhyolite  and  basalt),  which  bear  off  north- 
westward to  Mohave  River.  These  materials  probably  also  underlie 
the  flat,  for  they  appear  in  a  number  of  low  knobs  to  the  west,  south, 
and  southeast  of  Troy.  The  larger  mountain  mass,  5  miles  south  of 
Troy,  however,  consists  of  light-colored  granite  (quartz  monzonite). 
A  very  thick  deposit  of  bowlders  and  gravel  lies  against  these  granite 
slopes,  constituting  high  hills  of  rounded  form.  In  one  area  of 
considerable  extent  these  gravel  beds  are  surmounted  by  a  flow  of 
black  lava  (basalt),1  which  caps  a  high  mesa  clearly  discernible  south- 
southwest  of  Troy. 


1  This  lava  came  from  a  cinder  cone  at 
high  altitude  behind  the  main  granite 
range  and  flowed  to  the  north  and  north- 
west down  a  valley  of  moderately  steep 
slope.  Its  irregular  termination  4  miles 
southwest  of  Troy  is  not  very  high  above 


the  level  of  the  railway.  A  portion  of  the 
northern  rim  of  this  old  valley  in  the  higher 
slopes  6  miles  south-southwest  of  Troy  has 
since  been  cut  away  by  erosion,  so  that 
part  of  the  black  edge  of  the  upper  por- 
tion of  the  flow  is  now  visible  from  Troy. 
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Newberry  siding,  6  miles  west  of  Troy,  is  notable  for  the  great 
spring  which  issues  from  the  volcanic  tuff  at  the  foot  of  the  mountain 

a  short  distance  southwest  of  the  station.    The  water 

cw    rry.  jg  piped  to  the  station,  pumped  into  tanks,  and  used 

K^cVy1!M^ii«.for  railway  and  residents  as  far  east  as  Bagdad,  an 

interval  in  which  no  good  local  water  is  obtainable. 
For  this  service  the  operation  of  a  daily  train  of  20  tank  cars,  hold- 
ing 10,000  gallons  each,  is  required.  This  spring  is  supplied  by  rain 
water  which  sinks  underground  in  crevices  on  the  mountain  slope 
and  finally  accumulates  in  some  main  joint  plane  which  extends  to 
an  outlet  at  the  foot  of  the  range. 

North  of  Newberry  is  a  wide  flat  extending  to  Mohave  River,  the 
course  of  which  is  indicated  by  a  line  of  mesquite  trees  plainly  in 
view  from  the  train.  These  trees  are  always  indicative  of  the  prox- 
imity of  water,  although  in  some  localities  the  supply  is  deep  under- 
ground and  in  but  small  volume.  They  occur  in  considerable  numbers 
about  the  spring  at  Newberry  and  on  the  flat  near  Troy,  where  the 
water  is  so  near  the  surface.  To  the  south  is  Newberry  Mountain, 
a  prominent  steep  ridge  showing  a  thick  succession  of  volcanic  rocks 
(tuff,  breccia,  and  rhyolite)  dipping  at  a  moderate  angle  to  the  south- 
west. These  beds  are  probably  the  "Rosamond  series,"  a  formation 
characteristic  of  the  borders  of  the  Mohave  Desert. 

The  Mohave  Desert  is  a  large  quadrangular  area  of  arid  land  lying 
north  of  the  San  Gabriel  Mountains  and  southeast  of  the  Sierra 
Nevada.  Its  eastern  limits  have  not  been  exactly  defined.  The 
railway  runs  close  to  the  southeast  border  of  this  desert  between 
Barstow  and  Summit. 

From  Newberry  to  Daggett  the  country  is  nearly  level,  for  the  train 
traverses  the  broad  river  plain  and  gradually  approaches  Mohave 
River,  which  is  but  a  short  distance  north  of  Daggett  station. 

The  village  of  Daggett  serves  as  a  source  of  supplies  for  numerous 
mines  and  a  few  ranches  scattered  along  the  valley.    Here  trains  of 

the  San  Pedro,  Los  Angeles  &  Salt  Lake  Railroad, 
Daggett.  coming  from  the  northeast,  pass  upon  the  Santa  Fe 

KlSuy^^ii*.  tracks,  which  they  use  to  Colton.    Two  miles  north 

of  Daggett  the  Calico  Mountains,  so  named  because 
of  the  bright  variegated  color  of  their  slopes,  rise  abruptly  from  the 
north  margin  of  Mohave  Valley.  They  consist  of  a  thick  succes- 
sion of  beds  of  ash  and  other  fragmentary  materials  thrown  out  of 
volcanoes  and  sheets  of  light-colored  lava  (rhyolite),  dipping  at  a 
moderately  steep  angle  to  the  east.  On  the  south  slope  is  the  Calico 
mine,  which  has  been  a  large  producer  of  silver.  On  the  east  side 
of  the  Calico  Mountains  the  volcanic  series  includes  clays  containing 
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colemanite,1  a  crystalline  borate  of  lime.  These  clays  have  been 
mined  extensively  for  the  production  of  borax.  For  many  years  large 
amounts  of  this  material  were  treated  at  a  refinery  in  Daggett,  but 
the  working  of  deposits  of  purer  mineral  in  other  areas  has  forced 
this  refinery  to  cease  operations.  The  "borax  mines'7  are  not  visible 
from  the  railway  except  possibly  by  a  very  distant  view  to  the  north- 
west from  Newberry. 

South  of  Daggett  is  a  broad  range  of  rounded  hills  which  rise 
steeply  from  the  valley.  Canyons  among  them  reveal  thick  deposits 
of  gravel  and  sand,  in  part  cemented  into  conglomerate.  Beds  of 
volcanic  tuff  and  ash  are  also  included  in  these  deposits.3 

From  Daggett  to  Barstow  the  train  ascends  the  valley  of  Mohave 
River  along  its  south  side  and  in  places  follows  the  bank  of  that 
stream.  For  much  of  the  year  the  water  does  not  flow  as  far  down 
as  Daggett,  but  sometimes  after  a  heavy  rainfall  the  river  bed  is 
filled  from  bank  to  bank.  The  Mohave  is  one  of  the  largest  of  the 
so-called  lost  rivers  of  the  desert  provinces.  It  rises  on  the  north 
slope  of  the  San  Bernardino  Range,  flows  northward  for  about  50 
miles,  to  Barstow,  and  then,  east  of  Daggett,  turns  eastward  into  a 
stretch  where  it  ceases  to  flow  except  at  times  of  high  flood,  when  it 
ultimately  reaches  Soda  Lake,  or  the  sink  of  the  Mohave,  just  south 
of  the  Amargosa  drainage  basin.  Mohave  River  is  in  sight  of  the 
railway  all  the  way  from  a  point  near  Newberry  to  a  point  south  of 
Victorville. 

Near  milepost  745,  about  4  miles  west  of  Nebo  siding,  the  river 
valley  is  narrowed  by  high  buttes  of  reddish  lava  (rhyolite)  and  other 
rocks,  and  bends  considerably  to  the  north  around  a  ridge  projecting 


1  Colemanite  contains  50.9  per  cent  of 
boric  acid,  27.2  per  cent  of  lime,  and  21.9 
per  cent  of  water.  The  deposits  near 
Daggett  are  believed  to  have  been  formed 
by  replacement  of  limy  beds  that  were 
laid  down  locally  during  the  evaporation 
of  lake  waters  of  Tertiary  time,  in  inter- 
vals between  some  of  the  great  outbursts 
of  volcanic  ejecta,  which  formed  so  large 
a  part  of  the  Tertiary  deposits.  The  boric 
acid  was  undoubtedly  derived  from  fresh 
volcanic  materials  and  carried  to  its 
present  position  by  underground  waters. 
The  deposits  are  in  two  principal  beds, 
each  5  feet  thick  and  about  50  feet  apart. 
These  beds  dip  steeply  and  have  been 
mined  to  a  depth  of  500  feet.  All  the 
borax  produced  in  the  United  States  is 
obtained  from  California  mines,  mainly 


from  Lang,  north  of  Los  Angeles  and 
Death  Valley.  The  value  of  borate  ores 
in  1913  is  estimated  at  nearly  $1,500,000. 
The  borax  is  produced  by  heating  the 
pulverized  colemanite  with  a  solution  of 
sodium  carbonate,  forming  the  soluble 
sodium  borate,  which  crystallizes. 

3  At  the  base  of  this  series  is  a  coarse 
breccia  which,  in  the  canyon  6  miles 
south  of  Daggett,  is  underlain  by  granite. 
It  contains  large  fragments  of  various 
igneous  rocks  and  also  of  the  underlying 
granite.  Farther  southeast  it  includes 
many  fragments  and  bowlders  of  dark 
fine-grained  rock  (basalt),  evidently  de- 
rived from  Ord  Mountain,  a  high  ridge  14 
miles  southeast  of  Daggett.  In  the  north- 
western slope  of  this  mountain  there  are 
mines  of  copper  ore  carrying  gold. 
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from  the  south.     Recently  a  deep  cut,  a  mile  in  length,  has  beei^ 
excavated  through  this  ridge  for  the  railway.    The  principal  mat 
rials  exposed  in  this  cut  are  gravels  and  sands  deposited  by  Mohav 
River  a  long  time  ago.    In  the  central  part  of  the  cut  a  red  la 
(rhyolite)  is  reached,  and  the  gravels  and  sands  are  exposed  abutti 
against  slopes  of  the  lava,  which  rises  to  the  surface  in  promine 
buttes  not  far  north  and  also  constitutes  several  small  knobs  alo 
the  river  bank  from  this  place  to  Barstow.1 

Barstow  owes  its  existence  mainly  to  railway  and  mining  trad 
It  is  a  railway  division  point  where  the  line  to  San  Francisco,  b 

way  of  Bakersfield,  diverges .  from  the  line  to  S 
Barstow.  Bernardino,  Los  Angeles,  and  San  Diego.     A  sp 

Elevation  2,io6  feet,     cious  hotel  is  located  here  under  the  title  of  Casa  d 
£J^l5 ^  Desierto  (house  of  the  desert) .    The  valley  of  Moha 

River  is  narrow  at  Barstow.  There  are  two  pro 
inent  buttes  of  red  lava  (rhyolite)  in  the  southern  part  of 
town,  and  ridges  consisting  of  volcanic  tuff  interstratiiied  wi 
sheets  of  lava  rise  a  short  distance  north  of  the  river.  A  sm 
but  very  prominent  butte  of  red  lava  (rhyolite)  stands  in  the  cen 
of  the  valley  just  north  of  Barstow  station. 

The  railway,  which  has  run  north  of  west  for  100  miles  beyo 
Cadiz,  here  turns  southward  toward  Cajon  Pass  and  San  Bernardino 
After  leaving  Barstow2   the  train   continues   to  follow   the  sou 
or  east  bank  of  Mohave  River  past  Todd,  Hicks,  Wild,  Helen, 
Bryman  to  Oro  Grande  and  beyond.     The  low  flat  along  the  stre 
is  not  wide,  but  most  of  it  is  utilized  for  irrigation  at  numero 
ranches.     The  long  slopes  adjoining  the  river  flat  consist  of  grav 
and  sands  apparently  underlain  at  no  great  depth  by  volcanic  roc 


1  The  sedimentary  rocks  of  this  region 
comprise  about  3,000  feet  of  beds  of  mid- 
dle Tertiary  age.  They  lie  on  a  some- 
what irregular  surface  of  granite  and 
gneiss  and  are  very  much  flexed  and 
faulted.  Three  general  divisions  are 
recognized.  The  lowest,  1,200  feet  or 
more  thick,  is  mostly  fine  tuff  and  vol- 
canic ash,  with  thin  lava  flows  and  at  the 
base  some  sandstones,  in  large  part  con- 
glomeratic. It  weathers  into  irregular 
hills  in  which  brown,  gray,  greenish-yel- 
low, and  purplish  shades  prevail.  The 
middle  division,  1,500  feet  or  more  thick, 
is  made  up  of  pale-greenish  clay,  with 
thin  beds  of  sandstone,  ash,  and  lime- 
stone, and  at  the  base  a  deposit  of  coarse 
granite  fragments  in  places  cemented  into 
breccia.  The  top  division  consists  of 
loose  beds  of  angular  rocks,  fine  gray  ashy 


sand,  and  clay,  forming  round  buff- 
ored  hills.     It  contains  abundant  fc 
bones  of  extinct  species  of  horses,  cam< 
and  other  mammals  believed  to  be  of  la( 
Miocene  age,  some  of  them  the  same 
the  bones  found  in  the  Santa  Fe  mi 
The  Tertiary  rocks  cropping  out  along 
north  side  of  Mohave  River  from  Di 
to  Barstow  are  fine  sands  and  clays, 
thin  interstratified  limestones  and 
canic  rocks.    A  dark  rocky  ridge  of 
and  volcanic  flows  comes  to  the  riv< 
snort   distance    west   of    Daggett, 
rocks  in  the  knobs  immediately  al 
Barstow  are  rhyolite,  but  clay  and  lii 
stone  appear  not  far  north  and 
and  schist  crop  out  to  the  northwest 
to  the  northeast. 

2  Mileposts  to  Los  Angeles  indicate 
distance  from  Barstow. 
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Hicks. 


South  of  Hicks  (see  sheet  24,  p.  178)  hills  of  various  kinds  of  rocks 
border  both  sides  of  the  valley.     To  the  west  are  ridges  consisting  of 

beds  of  fragmental  materials  ejected  from  volcanoes, 
with  some  lava  flows  in  their  higher  portions.     The 

K«Z^ft2,f 680^11    ^ow  ranSes  southeast  of  Hicks  consist  of  granites  and 

diorites,  the  former  apparently  in  dikes  penetrating 
the  latter.  South  of  milepost  15  are  two  prominent  buttes  of  coarse- 
grained  maaaive  light-gray  granite. 

Granite  is  exposed  in  a  small  cut  on  the  railway  near  milepost  17, 
a  few  rods  north  of  Wild  siding,  and  a  short  distance  farther  west  a 
small  knoll  of  the  same  rock  rises  from  the  river  flat  just  west  of  the 
tracks.  At  milepost  18  and  for  a  mile  and  a  half  southwest  of  it 
there  are  cuts  in  gravels  and  sands  which  are  part  of  the  alluvial 
filling  of  the  valley,  deposited  long  ago  by  Mohave  River.  Beds 
of  fine-grained  material  cropping  out  at  the  base  of  these  deposits 
are  probably  somewhat  older  still  and  mark  another  period  of  depo- 
sition by  a  stream  flowing  across  the  region.  At  milepost  20  is  another 
small  cut  in  dark  granite  which  underlies  the  gravels  along  the  east 
bank  of  the  river. 

East  of  Helen  siding  a  group  of  buttes  and  hills  of  moderate  eleva- 
tion lie  a  short  distance  southeast  of  the  railway.  They  consist  of  a 
peculiar  fine-grained  light-colored  lava  (rhyolite)  intersected  by  some 
small  masses  of  dark  rock  (hornblende  diorite),  either  in  dikes  or  in- 
clusions. This  lava  extends  several  miles  to  the  southeast  in  hills 
and  ridges  of  moderate  height.  Some  portions  of  it  are  completely 
decomposed  to  white  kaolin,1  and  material  of  this  sort  4  miles  east 
of  Bryman  is  worked  extensively  to  supply  "chalk"  works  at  Bry- 
man.  The  product,  being  of  pure  white  color  and  very  fine  grain, 
is  used  for  various  purposes. 

At  Oro  Grande  (Spanish  for  big  gold)  there  is  a  large  Portland 
cement  plant.     Here  Mohave  River  contains  water  nearly  all  the 

year,  and  it  is  used  for  the  irrigation  of  various  crops 
in  a  narrow  strip  of  bottom  land.  East  of  the  town 
is  a  high  ridge  consisting  of  granite,  marble,  schist, 
and  hard  sandstone.3  The  marble  is  used  in  the  manu- 
facture of  cement  at  the  plant  in  Oro  Grande.  It  is 
quarried  at  several  large  openings  half  a  mile  east  of  the  railway. 


Oro  Grande. 

Elevation  2,635  feet. 
Population  70.* 
Kansas  City  1,699  miles. 


1  This  kaolin  results  from  chemical 
changes  due  to  weathering,  in  the  course 
of  which  feldspar,  one  of  the  component 
minerals  of  the  rhyolite,  loses  alkali  by 
leaching,  a  large  proportion  of  claylike 
aluminum  silicate  being  left  behind,  to- 
gether with  more  or  less  quartz  and  other 
minerals  which  are  in  the  form  of  hard 
grains.  After  thorough  mixing  with 
water,  the  fine  aluminum  silicate  or  kaolin 
is  floated  off  and  deposited  in  tanks,  leav- 
ing the  granular  constituents  behind. 


2  The  structure  of  the  ridge  east  of  Oro 
Grande  is  complex,  for  the  beds  are  bent 
and  broken  and  cut  by  great  masses  of 
granite  (quartz  monzonite)  which  have 
been  intruded  through  limestone,  shale, 
and  sandstone,  the  resulting  heat  and 
pressure  altering  these  rocks  to  marble, 
mica  schist,  and  quartzite.  The  high 
central  peak  and  several  lower  ones  con- 
sist of  very  hard  quartzite,  and  the  hills 
on  the  south  side  of  the  range  are  of 
granite. 
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The  plant  also  uses  a  small  amount  of  schist  and  the  decomposing 
granite.  These  rocks  are  ground,  mixed  in  proper  proportions,  and 
melted  into  a  clinker,  which,  when  pulverized  finely,  forms  Portland 
cement.  Portions  of  the  marble  are  so  nearly  pure  calcium  carbonate 
that  they  are  suitable  for  calcining  into  lime  for  use  in  beet-sugar 
manufacture,  and  a  large  amount  of  it  has  been  obtained  for  that 
purpose  from  quarries  about  a  mile  east  of  Oro  Grande. 

Granite  extends  west  to  the  river  bank  and  railway  half  a  mile 
beyond  milepost  32,  or  nearly  a  mile  beyond  Oro  Grande.  At  the 
railway  bridge  across  Mohave  River  at  milepost  34  it  constitutes 
tho  walls  of  a  canyon  through  which  the  river  flows  for  2  miles.  In 
slopes  east  of  the  bridge  are  conspicuous  exposures  of  the  granite 
cropping  out  in  bare  ledges,  appearing  like  a  great  pile  of  huge 
bowlders  and  slabs.  This  rock  is  quarried  extensively  for  building 
stone  at  several  places  southeast  of  Oro  Grande.  It  is  a  handsome 
and  durable  material,  easy  to  dres3,  and  uniform  in  color. 

For  several  miles  beyond  milepost  34  the  railway  follows  the  foot 
of  a  high  bank  of  sand  and  gravel,  much  of  it  in  regular,  horizontal 
layers.  This  material  constitutes  a  flat-topped  river  terrace;  it  was 
deposited  by  Mohave  River  at  an  earlier  stage  of  the  development  of 
tho  valley  and  of  the  terrace  plain,  which  extends  far  to  the  west. 
The  sand  and  gravel  continue  along  the  west  side  of  the  track  for 
several  miles,  but  the  best  i  "b  are  near  milepost  36. 

Across  the  river  east  of  thi  is  rocky  ridges  ending 

in  a  small  knob  near  the  ri  onsist  mostly  of  gran- 

ite, but  some  of  the  more  a  also  large  masses  of 

white  and  variegated  marb  ftuarried  for  building 

stone. 

Victorville  is  an  old  sett  wn  gradually  as  head- 

quarters for  mining,  quarr  rests  in  the  surround- 

ing region.  le  town  there  are  many 

victorville.  ranches  tha  ter  for  irrigation.     A 

Eievaiion z,7i« ftet.     short  distal  ville  the  river  passes 

&rsia"y^wmf]«.t'lrouSn  a  Rhor/harrow  canyon  of  the  granite,  with 
walls  about  l/o  feet  high.  The  railway  is  built 
on  the  west  bank  of  the  river,  partly  on  an  embankment  and 
partly  on  a  shelf  cut  in  the  rock.  The  canyon  is  due  to  a  project- 
ing ridge  of  the  granitic  rock  which  slopes  down  abruptly  under 
tho  great  sheet  of  sand  and  grave]  which  underlies  the  wide 
plain  extending  far  to  tho  west.  The  canyon  is  a  gateway  to 
a  wide  valley  bottom  with  numerous  ranches.  Possibly  some 
time  a  dam  will  be  built  in  the  canyon  to  create  a  storage  reser- 
voir that  will  extend  some  distance  up  the  valley.  Although  the 
flow  of  the  Mohave  in  tho  dry  season  appears  small,  a  large  amount  of 
water  passes  through  this  gap  in  a  year,  and  heavy  freshets  some* 
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times  occur.  For  several  years  the  United  States  Geological  Survey 
gaged  the  flow  in  the  gap  and  the  stream  was  found  to  have  an  annual 
volume  of  68,000  acre-feet,  or  a  mean  of  95  cubic  feet  a  second.  One 
freshet  carried  13,400  cubic  feet  a  second  but  was  not  of  long  dura- 
tion. The  water  of  Mohave  River  is  now  used  for  irrigating  about 
15,000  acres,  mostly  in  alfalfa,  grain,  and  garden  truck. 

At  milepost  39,  2  miles  south  of  Victorville,  the  train  leaves  the 
bank  of  Mohave  River  and,  entering  a  small  valley,  begins  to  climb 
the  steeper  part  of  the  long  ascent  of  about  1,000  feet  toward  the 
high  mountain  ranges  which  lie  between  the  Mohave  Valley  and  the 
coastal  region  of  southwestern  California.  The  course  of  the  railway 
continues  nearly  due  south.  The  slope,  which  is  the  southern  edge 
of  the  Mohave  Desert,  consists  of  a  thick  succession  of  sheets  of 
gravel  and  sand  which  extend  far  up  the  mountain  sides  and  beyond 
the  summit  at  Cajon  (cah-hone')  Pass.  Near  milepost  42  the  railway 
has  risen  above  the  bottom  lands  of  the  Mohave  Valley,  and  from 
this  point  southwestward  for  10  miles  or  more  there  are  flue  views 


of  the  louth, 

across  foun- 

tains ;  abriel 

Mourn  Pass, 

which  many 

other  i  built, 

but  la  f  this 

detrital  deposit  are  shown  in  figure  ?9. 

A  peculiar  yucca,  locally  known  as  the  Joshua  tree  (Yucca  or 
Cli&toyueca  arborescens)  is  conspicuous  on  the  grade  up  the  mountains. 
{See  PL  XLI,  A,  p.  168.)  It  begins  with  a  few  scattered  trees  below 
Victorville  and  becomes  very  abundant  in  the  region  about  Hesperia 
and  the  slopes  above,  nearly  to  Cajon  Pass,  its  upper  limit  being 
closely  determined  by  the  altitude  and  b^taarature.  It  is  said  that 
attempts  have  been  made  to  utilize  the  norous  trunk  of  the  yucca 
for  manufacturing  paper,  but  the  tree  is  now  used  chiefly  in  making 
souvenirs  and  trinkets. 
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Hesperia  is  a  small  village  that  forms  a  trade  center  for  ranches 
along  Mohave  River  a  few  miles  to  the  east  and  several  ranches  and 

orchards  near  by  cultivated  by  irrigation.  There  are 
Hesperia.  ^wo  0f  these  irrigated  orchards  just  southwest  of  the 

Elevation  3,189  feet,     village,  and  another  a  mile  farther  south,  on  the  west 

Population  92.*  6  j  .       .  ' 

Kansascityh7i3mfleB.  side  of  the  railway.    Some  gram  is  also  grown  on 

the  adjoining  plain.  Considerable  water,  which  Is 
being  used  for  irrigation,  is  obtained  from  wells  500  to  800  feet  deep. 

Near  Hesperia  the  creosote  bush  gives  place  to  the  Joshua  tree 
and  other  plants  suited  to  the  higher  altitudes.  Between  Hesperia 
and  Summit  there  are  many  cuts  in  the  thick  body  of  gravel  and 
sand  constituting  the  great  sloping  plain.1 

The  traveler  will  note  as  he  ascends  the  slopes  that  the  bushes 
which  are  so  widely  scattered  on  the  desert  to  the  east  and  north  be- 
come thicker  and  larger,  and  several  new  plants  appear,  notably  the 
manzanita,'  one  of  the  most  beautiful  of  the  highland  bushes,  which 
forms  a  thick  growth  on  the  higher  mountain  slopes  of  this  part  of 
southern  California.  A  far  western  variety  of  juniper  (Juniperus 
californica  utahensis)  is  also  present,  together  with  a  peculiar  pifion 
{Pinus  monophyUa)  differing  from  the  Arizona  tree  by  bearing  larger 
nuts  and  a  single  leaf.  Its  nuts  have  been  an  important  food  product 
for  the  Indians.  The  beautiful  Yucca  whipplei  is  conspicuous,  with 
its  straight  stalks  which  in  the  early  summer  bear  a  great  cluster  of 
white  flfwers. 

At  Summit  the  railway  reaches  the  top  of  the  grade  necessary  to 
carry  it  through  Cajon  Pass,  but  the  actual  divide  is  in  a  cut  a  short 

distance  west  of  the  station.  Cajon  Pass  is  the 
great  gap  through  the  mountain  barrier  between  the 

fS&fiZhm. desert  and  the  San  Bernardino  Valley,  a  gap  occu- 

pied  and  drained  by  Cajon  Creek  and  its  tributaries. 
The  train  enters  the  pass  proper  as  it  descends  from  the  divide  on 


Summit. 


1  Near  mileposts  50  and  52,  where  the 
railway  ascends  along  the  side  of  a  small 
valley,  the  cuts  are  30  feet  deep  and  the 
gravels  and  sands  are  wall  exposed. 
Between  mileposts  52  and  54  some  of  the 
gravel  is  consolidated  into  a  loose  con- 
glomerate and  the  beds  show  a  slight  dip 
to  the  south,  steeper  than  the  upgrade 
of  the  plain.  This  feature  indicates  that 
there  has  been  tilting  of  the  crust  of  the 
earth  in  this  region  since  the  material 
was  deposited.  Near  the  mountains  this 
dip  is  noticeable  in  many  of  the  expo- 
sures. Between  mileposts  55  and  56  there 
are  some  deep  cuts  in  fine  sand  of  buff 


color,  with  scattered  beds  and  streaks  of 
gravel. 

2  The  manzanita  (Arctottapkylos  patula) 
is  a  shrub  having  a  smooth  bark  of  rich 
chocolate  color,  small  pale-green  roundish 
leaves,  and  berries  that  resemble  dimin- 
utive apples.  It  is  this  resemblance  that 
gives  the  shrub  its  common  name,  Spanish 
for  little  apple,  by  which  it  is  known  every- 
where on  the  Pacific  coast.  Bears  are  very 
fond  of  these  berries.  The  manzanita  cov- 
ers many  of  the  hills  in  California  with  a 
stiff,almost  impenetrable  growth.  Its  wood 
is  hard,  and  the  blaze  from  an  old  gnarled 
root  cheers  many  a  western  fireplace. 
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the  edge  of  the  desert  into  the  valley  of  Cajon  Creek.  Beyond  the 
summit  cut  the  traveler  gets  a  view  of  the  deep  valley  of  this  creek, 
which  crosses  the  main  range  and  cute  deeply  through  ite  rocky  ledges. 
Only  a  small  branch  of  this  stream  heads  near  the  summit,  however, 
the  valley  proper  heading  a  few  miles  west  back  of  the  San  Gabriel 
Range,  in  a  part  of  the  slope  that  is  considerably  higher  than  the 
gap  crossed  by  the  railway.  An  outline  map  showing  these  relatione 
is  given  in  figure  40. 

After  passing  through  the  deep  cut  west  of  Summit,  the  train  fol- 
lows a  winding  course,  mainly  to  the  west  and  southwest,  along  the 
side  of  steep  slopes  descending  into  the  canyon  of  Cajon  Creek.  Along 
the  railway  grade  descending  from  Summit  there  are  many  deep 
cute  through  projecting  spurs.  These  cute  reveal  thick  deposits  of 
sand,  gravel,  and  loose-textured  sandstone  which  extend  continu- 


FicuitE  4U.-Blnl's-i>F6  view  of  Cajon  1'aas  and  vicinity,  California,  showing  toe  general  fcaturei  of  con- 
figuration near  the  Santa  Fe  Runway. 

ously  northward  into  the  Mohave  Desert.  These  materials  abut 
against  the  steep  slopes  of  ledges  of  old  rocks  in  the  mountain  ranges 
on  the- -south,  and  beds  apparently  having  a  thickness  of  more  than 
2,000  feet  are  exposed  in  the  descent  from  Cajon  Summit  to  Cajon 
Creek.  Cajon  Creek  flows  east  and  south  with  sinuous  course,  Anally 
running  through  a  pass  '  between  the  San  Bernardino  Range  on  the 


1  This  pass  has  been  caused  by  a  great 
fault  or  series  of  parallel  faults  of  rela- 
tively recent  age  geologically,  crossing 
the  axis  of  the  general  mountain  range 
extending  across  southern  California. 
These  faults,  one  of  which  is  the  south- 
ern extension  of  the  San  Francisco  earth- 
quake rift,  extend  for  many  miles  along 
the  south  foot  of  the  San  Bernardino  Range 
and  on  southward  into  theColorado  Desert. 
At   the  pass  their  northwesterly 


to  the  westward  they  define  the  north  side 
of  the  San  Gabriel  Range.  There  were 
several  planes  of  movement  not  far  apart 
with  huge  slivers  or  narrow  blocks  of 
schists  and  other  rocks  between  them. 
The  latest  uplift  apparently  was  on  the 
northeast  side,  for  the  Sas  Bernardino 
Range  appears  to  be  the  most  recently 
uplifted.  I ts  central  part  present*  wide, 
relatively  level  areas  or  remnants  of 
plains  in  striking  contrast  to  the  eroded 


e  the  mountains  diagonally,  so  that  |  top  of  the  San  (iabriel  Range. 
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east  and  the  San  Gabriel  Range  on  the  west,  which  affords  an  easy 
outlet  into  the  great  coastal  plain  or  valley  of  southwestern  California. 
It  is  40  miles  west  to  the  next  pass,  and  to  the  southeast  of  this  gap 
mountains  of  considerable  height  extend  for  200  miles  continuously 
to  Colorado  River.  Some  of  the  most  notable  cuts,  60  feet  deep,  are 
near  Dell  siding,  in  one  of  which  will  be  seen  a  remarkable  framework 
several  stories  in  height,  designed  to  prevent  the  sand  from  washing 
and  sliding  into  the  cut. 

Toward  Gish  the  principal  material  is  moderately  compact,  light- 
colored  massive  sandstone  with  conglomeratic  streaks.1  It  contains 
many  fragments  of  feldspar  and  quartz,  evidently  derived  from 
granite. 

Halfway  between  mileposts  64  and  65  the  canyon  narrows,  turns 
south,  and  passes  between  steep  ledges  of  hard,  olddr  rocks  of  the 
igneous  and  metamorphic  series  constituting  the  mountain  ranges  to 
the  east  and  west.3 

The  mountain  slopes  are  covered  with  bushes  in  considerable 
variety,  in  great  contrast  to  the  sparse  vegetation  on  the  Mohave 
Desert.  The  difference  is  due  to  increased  moisture  on  the  ocean 
side  of  the  mountains. 

Near  milepost  69  the  canyon  of  Cajon  Creek  widens  into  a  valley 
bordered  by  mountainous  slopes,  but  with  a  wide  wash  in  its  center 
and  a  broad  sloping  terrace  at  the  foot  of  the  mountains  on  the  north 
side.  This  terrace  is  terminated  by  a  steep  slope  or  high  bank  at  its 
foot,  where  Cajon  Creek  has  cut  into  it,  a  feature  which  is  con- 
spicuous for  2  or  3  miles.  As  the  valley  widens,  however,  the  cut 
bank  ends  and  the  slope  blends  with  the  general  plain,  which  rises 
gradually  to  the  rocky  ledges  at  the  foot  of  the  mountain.  These 
terraces  and  slopes  consist  of  sand  and  gravel  washed  down  from  the 
mountains  and  deposited  at  their  foot.  On  the  terrace  are  several 
ranches  with  orchards  of  considerable  size. 

At  Verdemont  station  the  west  wall  of  the  canyon  ceases  as  the 
mountain  slope  bears  away  to  the  west,  and  the  railway  is  in  the 


1  Just  west  of  Gish,  along  Cajon  Creek, 
are  many  prominent  ledges  of  this  rock 
dipping  to  the  northeast  at  an  angle  of  20° 
or  more.  As  the  valley  of  the  stream  is 
descended  (on  a  southeast  course)  the 
ridges  on  each  side  show  numerous  out- 
crops of  the  lower  beds  of  the  sandstone 
series  about  Cajon  aiding,  and  for  some 
distance  beyond.  In  this,  vicinity  the 
beds  are  more  and  more  tilted  up  until 
they  dip  north,  or  away  from  the  moun- 
tains, at  an  angle  of  about  30°.  They  are 
believed  to  be  of  Miocene  age.    The  rail- 


way and  the  valley  in  this  locality  follow 
the  line  of  the  faults  which  cut  across  the 
range. 

2  Southward  from  this  place  these  rocks 
appear  extensively  in  the  rocky  slopes  of 
the  valley  and  they  are  cut  by  the  railway 
grade  at  several  points.  The  principal 
rocks  are  schists  of  greenish  color.  In 
places  on  the  lower  slopes  of  the  valley 
there  are  remnants  of  narrow  terrace  de- 
posits of  gravel  and  sand,  notably  in  cuts 
just  beyond  milepost  67,  which  is  four- 
tenths  of  a  mile  beyond  Keenbrook  siding. 
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great  San  Bernardino  plain,  which  is  about  15  miles  wide  and  30 
miles  long,  one  of  a  series  of  the  foothill  valleys  that  border  the 
southern  edge  of  the  San  Gabriel  Range  for  90  miles.  These  valleys 
are  filled  with  debris  of  unknown  thickness,  and  their  surface  is  made 
up  of  talus  and  wash  from  the  adjacent  ranges.  The  altitude  here 
is  1,750  feet,  and  the  distance  to  the  ocean  is  about  50  miles.  The 
valleys  that  extend  to  the  coast  lie  between  low  ranges  of  granitic 
and  other  rocks.  The  chief  of  these  ranges  is  the  Santa  Ana  Moun- 
tains, which  culminate  in  Santiago  Peak,  5,680  feet  high,  and  are 
visible  on  the  southwestern  horizon.  A  line  of  isolated  hills  of  schist 
lies  east  of  the  railway  for  some  distance  beyond  Verdemont,  and 
another,  which  is  crossed  near  Ono,  rises  into  a  ridge  of  considerable 
size  north  of  milepost  78. 

From  Ono  and  beyond  there  is  a  magnificent  view,  to  the  northeast, 
of  the  San  Bernardino  Range  (PI.  XLII),  which  includes  many  high 
summits.  One  of  these,  San  Gorgonio  Mountain,  reaches  an  altitude 
of  11,485  feet,  and  not  far  west  of  it  is  San  Bernardino  Peak,  which 
reaches  10,630  feet,  or  more  than  9,000  feet  above  the  valley  land  at 
the  foot  of  the  mountains.  This  high  range  extends  far  to  the  east 
but  with  diminished  altitude  and  finally  becomes  the  north  side  of 
the  great  desert  basin  in  which  Salton  Sea  is  situated.  At  a  timer 
not  far  distant  there  were  small  glaciers  in  the  higher  parts  of  this 
range.  Prom  points  near  milepost  79  and  beyond,  there  may  be  seen 
the  remarkable  scar,  like  a  huge  arrow  point,  on  the  mountain  slope 
at  Arrowhead  Springs.  This  feature-  is  not  always  conspicuous,  its 
distinctness  depending  on  light  and  foliage,  but  it  can  be  discerned 
on  close  scrutiny.  It  is  due  to  a  peculiar-shaped  area  of  bare  rock 
ledges  and  thin  vegetation.  Here  there  is  an  interesting  group  of 
hot  springs,  some  of  which  have  temperatures  exceeding  180°  F.  and 
about  which  buildings  have  been  erected  to  form  a  popular  health 
resort. 

At  Highlands  Junction  the  main  line  is  joined  by  a  branch  road 
known  as  the  "high  line,"  on  which  trains  run  frequently  to  Red- 
lands  and  other  points  east  of  San  Bernardino. 

One  other  transcontinental  railway,  the  San  Pedro,  Los  Angeles 
&  Salt  Lake,  passes  through  San  Bernardino  over  the  Santa  Fe 

tracks,  and  another,  the  Southern  Pacific,  goes  through 
San  Bernardino.  Colton,  3  miles  to  the  south.  This  city  is  the  seat  of 
Elevation  1,078  feet,  gan  Bernardino  County,  the  largest  county  in  the 
Kawwcity  1,749  miles.  United  States,  having  an  area  of  slightly  more  than 

20,000  square  miles,  or  almost  equal  to  that  of  Massa- 
chusetts, Connecticut,  and  New  Jersey  combined. 

San  Bernardino  is  built  over  a  wide  area  of  the  plain,  about  5  miles 
south  of  the  foot  of  the  San  Bernardino  Mountains.  It  is  an  old  set- 
tlement, dating  back  to  the  Spanish  occupancy  of  southwestern 
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California,  but  in  the  last  20  years  or  so  it  has  grown  into  a  large 
modern  city  with  many  industrial  interests.  About  15,000  acres  of 
land  in  the  surrounding  region  within  5  miles  is  under  cultivation, 
mostly  by  irrigation.  Much  water  is  obtained  from  wells,  many  of 
them  flowing  wells,  which  draw  their  supply  from  the  gravel  and 
sand  that  constitute  the  plain. 

The  first  eastern  immigrants  to  settle  in  the  San  Bernardino  Valley 
were  a  party  of  Mormons  headed  by  Capt.  Hunt,  who  came  through 
Cajon  Pass  in  1851.  Before  this,  however,  there  had  been  mission 
settlements  in  the  area.  One  was  established  in  1810  near  Bunker 
Hill,  but  it  was  destroyed  by  the  Indians.  Later  a  larger  one 
was  begun  at  old  San  Bernardino,  on  the  south  side  of  Santa  Ana 
River.  The  padres  in  charge  dug  ditches,  beginning  between  1820 
and  1830  with  one  from  Mill  Creek,  which  is  the  oldest  ditch  in 
the  valley.  In  1837  the  mission  lands  were  taken  by  the  Mexican 
Government  and  given  to  Mexican  landholders.  It  was  from  one 
of  these  landholders  that  the  Mormons  under  Capt.  Hunt  purchased 
in  1851  the  cultivated  areas  for  $7,500. 

At  first  the  old  ditches  sufficed  for  the  needs  of  the  settlers,  but 
as  population  increased  other  small  ditches  were  dug.  It  was  not 
•until  1870  that  the  Riverside  colony,  made  up  mainly  of  settlers  from 
New  England,  began  the  first  large  canal,  but  in  the  next  20  years 
many  irrigation  projects  were  developed.  These  utilized  the  greater 
part  of  the  running  water  and  considerable  of  the  underground 
water.  Most  of  the  water  was.used  for  irrigating  oranges  and  other 
citrus  fruits.  In  1904  an  area  of  about  54,000  acres  in  the  vicinity 
of  San  Bernardino,  Redlands,  and  Riverside  was  under  irrigation  by 
water  derived  mainly  from  the  San  Bernardino  Mountains,  either 
from  surface  streams  or  from  the  underflow  in  the  gravels  at  their 
foot. 

It  was  soon  found  that  the  best  conditions  for  citrus  growth  were  to 
be  had  on  the  benches,  where  there  was  less  liability  to  the  low  tem- 
peratures which  sometiihes  kill  the  trees  in  the  valley  bottoms.  The 
first  orange  trees  were  some  seedlings  grown  in  old  San  Bernardino, 
but  it  was  not  until  the  Riverside  colony  of  1870  was  established  that 
marketing  of  oranges  began.  The  Bahia  navel  orange  was  first  intro- 
duced at  Riverside.1  The  principal  factor  in  the  orange  business  was 
the  building  of  the  railways  which  could  give  outlet  to  eastern  mar- 
kets; after  this  outlet  was  provided  the  production  increased  rapidly 
to  its  present  great  proportions.    As  the  demand  for  water  increased 


1  The  original  cuttings,  from  Bahia, 
Brazil,  were  sent  to  Florida  from  Wash- 
ington, but  some  one,  whose  identity  is 
not  now  known,  took  two  of  these  cuttings 
to  California.    One  of  these  two  and  all 


the  cuttings  in  Florida  died,  so  that  the 
enormous  business  in  navel  oranges  has 
grown  from  the  slender  beginning  of  a 
single  cutting.  The  tree  that  lived  may 
still  be  seen  at  Riverside. 
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the  methods  of  irrigation  were  improved,  first  by  avoiding  waste  and 
then  by  careful  application,  so  that  in  ordinary  practice  the  volume 
used  has  diminished  from  1  miner's  inch 1  for  3  acres  to  about  half  as 
much.  In  the  region  about  San  Bernardino  it  is  possible  to  obtain 
artesian  water  which  flows  under  moderate  pressure  from  the  wells. 
The  drain  on  this  source  of  supply  has  somewhat  reduced  the  volume 
and  head  of  the  water,  so  that  the  area  in  which  flows  are  obtainable 
is  now  less  than  it  was  originally,  though  greater  than  it  was  after 
the  dry  period  before  1900. 

Much  of  the  water  is  used  in  the  orange  groves,  but  fruits  of  decid- 
uous-leaved trees,  small  fruits,  and  vegetables  are  grown,  and  there 
are  many  acres  of  alfalfa.  Grapes  and  barley  require  less  water  and 
need  irrigation  only  in  dry  seasons,  and  these  and  beans  are  gener- 
ally regarded  as  "dry"  crops.  Sugar  beets  are  a  very  important 
crop,  the  great  refinery  near  San  Bernardino  using  40,000  tons  a 
year. 

On  leaving  San  Bernardino  the  train  turns  from  a  southerly  to  a 
due  west  course  and  begins  its  journey  through  the  foothill  valleys 
along  the  south  side  of  the  San  Gabriel  Range,  first  running  across 
the  plain  which  slopes  gently  southward  to  Santa  Ana  River  from 
the  foot  of  the  San  Gabriel  Mountains.3 

From  the  rear  platform  of  the  train  the  traveler,  on  leaving  San 
Bernardino,  can  view  the  great  mountain  amphitheater,  with  its 
numerous  ranges  and  peaks,  which  lies  north  of  the  east  end  of  the 
San  Bernardino  Valley.  Especially  fine  views  may  be  had  of  San 
Gorgonio  (altitude  11,485  feet),  the  highest  peak  in  southern  Cali- 
fornia; San  Jacinto  (altitude  10,805  feet),  standing  like  a  watch 
tower  at  the  north  end  of  the  great  range  which  extends  southward 
for  hundreds  of  miles  to  the  end  of  Lower  California;  and  San 
Antonio  (sometimes  called  Mount  Baldy;  altitude  10,080  feet).  San 
Antonio  Peak  is  the  highest  summit  of  the  San  Gabriel  Range,  but 
not  the  highest  mountain  in  southern  California,  as  many  suppose. 
All  three  of  these  peaks  may  be  embraced  in  a  single  view.  San 
Gorgonio  Pass,  through  which  runs  the  Southern  Pacific  Co.'s  Sunset 


1  A  miner's  inch  (in  California)  is  the 
amount  of  water  which  flows  continu- 
ously through  an  orifice  1  inch  square 
under  a  head  of  4  inches.  It  equals  9 
gallons  a  minute,  ^  second-foot,  or  1  foot 
deep  over  14,478  acres  in  a  year.  Citrus 
lands  require  about  1  miner's  inch  con- 
tinuous flow  for  every  5  acres. 

3  The  San  Gabriel  Mountains,  like  the 
San  Bernardino  Mountains,  consist  of 
granitic  rocks  of  several  kinds  and  a 


variety  of  other  crystalline  rocks,  mainly 
schists,  which  were  originally  shales  and 
sandstones,  but  have  been  altered  by  in- 
trusions. It  is  believed  that  the  range 
was  uplifted  in  greater  part  in  late 
Tertiary  time.  Apparently  the  uplift 
consisted  of  the  rise  of  a  huge  block  of 
the  earth's  crust  along  fault  lines  mostly 
trending  N.  60°  W.  The  main  block 
was  traversed  by  minor  faults  which 
have  made  the  structure  very  complex. 
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Route  to  Yuma,  Ariz.,  and  beyond,  may  be  seen  in  the  distance,  to 
the  southeast. 

From  points  west  of  San  Bernardino,  Colton,  3  miles  to  the  south, 
is  visible.  Colton  has  large  cement  works  with  a  capacity  of  3,000 
barrels  a  day,  using  the  marble  which  constitutes  Slover  Mountain. 
Peaks  of  granite  rise  at  intervals  to  the  southwest.  Riverside,  10 
miles  to  the  south,  is  faintly  visible.  It  is  one  of  the  greatest  orange- 
shipping  centers  in  the  world,  receiving  $4,000,000  yearly  for  its 
output.  Riverside  is  famous  for  its  beauty,  the  county  courthouse 
and  the  high  school  being  examples  of  notable  architectural  achieve- 
ment. Near  Riverside  there  is  a  large  cement  plant,  one  of  the 
largest  in  California. 

Rialto,  nearly  4  miles  west  of  San  Bernardino,  is  in  the  midst  of  a 
thriving  irrigation  district  which  ships  over  1,200  carloads  of  citrus 

fruit  annually;  her  crop  for  1914  brought  $900,000. 
Rialto.  From  this  village  a  fine  view  is  afforded  of  the  east 

Elevation  i,iw  feet,     end  of  the  San  Gabriel  Mountains,1  to  the  northwest. 
K^atVi^^To  the  southwest,  at  a  distance  of  4  to  6  miles,  is  a 

small  range  known  as  the  Jurupa  Mountains,  rising 
about  1,000  feet  above  the  plains.  They  consist  of  quartzites,  schists, 
and  limestones,  or  metamorphosed  sedimentary  rocks,  penetrated  by 
diorite  and  other  igneous  rocks.  They  are  in  sight  to  and  beyond 
Fontana.  Some  of  the  plain  in  this  region  is  not  under  cultivation 
on  account  of  lack  of  water. 
The  village  of  Etiwanda  is  about  2}  miles  north  of  the  railway 

station,  or  halfway  across  the  plain  reaching  to  the 

foot  of  the  mountains.     There  are  in  this  vicinity  some 

STSKL.!"?*  Wf*  «J*  ^  •  considerable  acreage  of 

fruits  of  various  kinds,  notably  of  lemons,  for  which 
Etiwanda  is  famous. 

Cucamonga  is  almost  in  the  middle  of  the  wide  valley  or  plain  that 
slopes  southward  from   the  foot  of  the  San  Gabriel  Mountains  to 

Santa  Ana  River.     This  region  is  extensively  culti- 
Cucamonga.  vated,  in  part  without  irrigation.     It  specializes  in 

Elevation  1,113  feet,  raisin  and  table  grapes  and  in  wines,  of  which  it 
k^X*'! *w *mii«.  produces  large  quantities.  The  largest  single  vine- 
yard in  the  world  is  located  here.  Cucamonga  also  has 
about  2,000  acres  of  oranges  and  lemons  and  2,000  acres  of  peaches. 
Prom  the  railway  fine  views  may  be  had  of  the  San  Gabriel  Moun- 
tains.   One  peak,  Cucamonga,  which  has  an  altitude  of  8,911  feet, 


Etiwanda. 


1  The  San  Gabriel  Range,  one  of  the 
most  conspicuous  and  beautiful  ranges 
of  southern  California,  forms  the  water- 
shed for  the  irrigation  of  a  large  part  of 
the  foothill  valleys.    Its  individual  peaks 


are  more  numerous  than  those  of  the  San 
Bernardino  plateau,  and  in  its  entirety  it 
is  a  long  uplifted  fault  block  bordered  on 
the  north  and   south    by   downthrown 


areas. 
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is  conspicuous  due  north  of  the  station,  and  other  high  ones  are  in 
view  farther  back  in  the  range. 

Deep  canyons  lead  out  of  the  mountains  at  short  intervals,  and 
most  of  these  contain  living  streams,  whose  water,  if  not  diverted  by 
irrigation  ditches,  sinks  immediately  at  the  mouths  of  the  canyons 
and  passes  as  a  general  underflow  into  the  gravel  and  sand  of  the 
slope  beyond.  In  times  of  freshet  the  streams  flow  greater  or  less 
distances  across  the  slope,  carrying  much  sediment,  which  is  dropped 
as  the  water  spreads  out  on  the  plain.'  Occasional  great  floods  cross 
the  plains,  but  much  of  the  large  volume  of  water  they  carry  at  such 
times  is  absorbed  by  the  porous  gravels  of  the  stream  beds.  The 
courses  of  these  ephemeral  streams  are  marked  by  dry  washes,  usually 
shallow  sandy  channels,  many  of  them  splitting  up  irregularly  and 
some  of  the  branches  rejoining. 

One  effective  method  of  conserving  water  in  this  region,  where 
water  is  so  valuable,  is  to  divert  the  flood  waters  near  the  canyon 
mouth,  causing  them  to  spread  out  widely  over  the  coarse  deposits, 
into  which  they  sink,  thus  adding  to  the  volume  of  underflow  tapped 
by  the  many  wells. 

At  Upland  station  the  railway  passes  2  miles  north  of  Ontario,  a 
city  on  the  Southern  Pacific  Railroad,  surrounded  by  wide  areas  of 

orange  groves  and  other  products  of  irrigation.  Four 
Upland.  miles  to  the  northwest  is  the  mouth  of  San  Antonio 

Elevation  1,210  feet.     Canyon,  one  of  the  large  canyons  in  the  San  Gabriel 
K^^cityi,789miies.  Mountains,  which  furnishes  considerable  water  .for 

irrigation.  On  the  plain  its  bed  spreads  into  half  a 
dozen  irregular  washes,  which  are  crossed  by  the  train  between  Upland 
and  Qaremont.  From  the  gravel  and  sand  under  this  plain  a  large 
amount  of  water  is  pumped  for  irrigation.  Water  is  saved  by  lining 
the  canals  with  concrete  and  by  distributing  it  in  underground  pipes, 
methods  which  prevent  loss  by  leakage  and  by  evaporation. 

West  of  Claremont  a  spur  of  the  San  Gabriel  Mountains  on  the 
north  extends  nearer  to  the  railway,  and  the  San  Jose  Hills,1  a  north- 
ern extension  of  the  Santa  Ana  Mountains,  approach 
Lordsburg.  from  the  south.     Owing  to  these  conditions  the  valley 

Elevation  1,039 feet,  narrows  to  about  3  miles  at  Lordsburg.  In  order  to. 
Kansasc^y  i,776  miles,  pass  the  San  Jose  Hills  the  railway  has  been  de- 
flected to  the  northwest,  a  course  that  soon  takes  it 
near  the  foot  of  the  San  Gabriel  Mountains,  which  are  closely  skirted 
from  San  Dimas  to  Pasadena.  Lordsburg  was  originally  a  Dunkard 
settlement.     It  has  numerous  orange  and  lemon  groves. 


1  The  San  Jose  Hills  consist  mainly  of  a 
thick  series  of  sandstones  and  shales  of 
the  lower  part  of  the  Fernando  formation 

07570°— fcull.  613— 15 12 


(Miocene),  flexed  in  broad  basins  and 
arches.  At  their  east  end,  south  of 
Lordsburg,  is  an  area  of  granitic  rock. 
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From  Lordsburg  to  Azusa  the  irrigated  areas  are  almost  continuous, 
and  many  extensive  and  beautiful  orchards  may  be  observed  at  fre- 
quent intervals.  Water  for  irrigation  is  brought  from  San  Gabriel 
Canyon,  and  large  amounts  are  pumped  from  wells  and  distributed 
by  numerous  canals. 

North  of  San  Dimas  (dee'mas)  a  mass  of  sandstones  and  shales  with 

interbedded  volcanic  rocks  is  exposed  at  the  foot 
San  Dimas.  0f  ^e  mountains.     The  beds  dip  north  toward  the 

Elevation  no  feet.       older  rocks  of  the  range,  from  which  they  are  sepa- 

KansasCity  1,778  miles.  ,  ,  ,      .  ° 

rated  by  a  fault. 

Near  milepost  112,  halfway  between  San  Dimas  and  Glendora,  the 
train  crosses  the  dry  wash  of  San  Dimas  Creek,  which  heads  in  a 
large  canyon  a  few  miles  to  the  northeast.  It  is  a  good  example  of  a 
wash  formed  by  a  powerful  intermittent  stream.  Beyond  San  Dimas 
Wash  the  train  skirts  the  east  end  and  north  side  of  an  isolated  hill 
consisting  of  Tertiary  sandstone  and  shale  and  enters  the  village  of 
Glendora. 

From  Glendora  to  Azusa  and  in  a  wide  area  on  the  south  are 
numerous  orange  groves  and  other  orchards,  most  of  them  irrigated 

by  canals  from  San  Gabriel  River,  which  comes  out  of 
Glendora.  ft  jgjgg  canyon  a  f ew  miles  to  the  northwest.     Pump- 

K^a^ctt7^  lilies.  ^S  plants  also  add  to  the  supply,  for  there  is  consid- 
erable water  in  the  sand  and  gravel  under  the  plain. 
Near  Azusa  the  railway  is  within  a  mile  of  the  foot  of  the  steep 
southern  front  of  the  San  Gabriel  Mountains,  which  has  been  followed 

all  the  way  west  from  the  mouth  of  Cajon  Canyon 
Anna.  and  continues  to  Los  Angeles.     Two  miles  west  of 

Etov  k!°te  ^iS?'       Azus*  tira  train  crosses  San  Gabriel  Wash,  the  bed 
Kanuascity  1,785 miles,  of  San  Gabriel  R^ver,  the  largest  stream  flowing  from 

the  San  Gabriel  Mountains.  The  canyon  through 
which  the  San  Gabriel  emerges  from  the  mountains  is  in  sight  about 
3  miles  northeast  of  the  trestle  over  the  wash.  During  the  rainy 
season  San  Gabriel  River  is  a  stream  of  considerable  size,  furnishing 
water  for  irrigating  many  citrus  groves  and  other  orchards  and  fields 
on  the  slope  south  of  the  mountains.  During  the  dry  periods  it 
dwindles  to  a  mere  brooklet,  even  within  the  canyon.  Under  ordi- 
nary conditions  the  wash  below  the  canyon  is  dry  between  the  canyon 
mouth  and  a  point  10  or  12  miles  to  the  southwest,  where  the  water 
breaks  out  in  springs.  Some  of  it  also  comes  out  in  Lexington  Wash, 
near  El  Monte.  In  times  of  freshet  a  large  volume  of  water  passes 
down  San  Gabriel  Wash,  as  may  be  inferred  from  the  large  bowlders 
in  its  bed.  These  bowlders  are  crushed  for  road  material  and  other 
uses.  The  crusher  and  deep  pit  are  on  the  south  side  of  the  track 
and  a  large  amount  of  material  is  available  in  masses  convenient  to 
elevate  directly  into  the  crusher. 


THE  SANtfA  FB  ROUTE. 


175 


Monrovia  station  is  in  the  southern  part  of  Monrovia,  an  old 
settlement  lying  against  the  foot  of  the  mountains.  West  of  Mon- 
rovia the  railway  swerves  to  the  northwest  for  2 
Monrovia.  miles  and  then  goes  west  through  the  small  towns  of 

Elevation  432  feet.  Arcadia,  Santa  Anita,  and  Lamanda  Park  into  Pasa- 
Kansascityifnomiies.dena.     There  is  a  gradual  ascent  in  this  part  of  the 

line  for  about  350  feet. 

About  3£  miles  south  of  Lamanda  Park  is  the  San  Gabriel  Mission, 
one  of  the  21  missions  established  by  the  Franciscans  between  San 
Diego  and  San  Francisco.  It  is  in  an  excellent  state  of  preserva- 
tion and  is  typical  of  the  architecture  introduced  by  the  friars.  (See 
PL  XLI,  B,  p.  168.) 

Pasadena  is  situated  in  a  "rinc6n"  or  corner  between  the  San 
Gabriel  Range,  which  bears  off  to  the  northwest,  and  the  San  Rafael 

Hills,1  which  rise  as  rocky  ridges  nearly  1,000  feet 
Pasadena.  high  west  of  northwest  of  the  city.     It  is  undoubtedly 

Elevation  «o  feet.       these  features  which  give  Pasadena  certain  climatic 

Population  30,291.  .  .      ° 

Kansascity  i, 800  mii«.  conditions  (protection  from  cold  winds  and  slightly 

greater  rainfall  than  that  in  some  of  the  regions  farther 
cast  and  south)  that  make  it  particularly  attractive  as  a  winter 
resort.  The  name  Pasadena  is  an  Indian  word  meaning  crown  of 
the  valley.  Here  the  railway  turns  south  to  reach  South  Pasadena 
and  thence  goes  southwest  for  several  miles,  over  a  low  pass 
through  the  hills  separating  the  Pasadena  Plain  from  the  Los  Angeles 
Valley.  The  portion  of  these  hills  near  the  railway  consists  of  soft 
buff  sandstones  and  shales,2  gently  flexed  in  broad  basins  and  arches. 
As  the  train  leaves  South  Pasadena  it  enters  the  valley  of  the 
Arroyo  Seco,  which  it  follows  to  Los  Angeles  River,  in  the  northern 
part  of  the  city  of  Los  Angeles.  The  city  is  built  on  the  low  river 
terraces,  on  the  inner  edge  of  the  coastal  plain  which  extends  west 
and  south  to  the  Pacific  Ocean,  and  on  the  hills  of  folded  and  faulted 
Tertiary  sandstone  and  shale  which  rise  above  the  plain  and  the 
terraces.  Los  Angeles  River  itself,  like  other  streams  of  the  arid 
Southwest,  is  a  river  in  name  only  except  during  the  heavy  rains  of 


1  The  San  Rafael  Hills  are  part  of  a 
low  mountain  block  of  granites  and 
schists  believed  to  have  been  unlifted 
between  two  faults  trending  west-north- 
west, parallel  to  a  great  fault  here  extend- 
ing along  the  south  foot  of  the  San  Gabriel 
Mountains.  A  part  of  the  southern  slope 
of  these  hills  between  Pasadena  and  Glen- 
dale  is  made  up  of  heavy  sandstone  of 
Tertiary  age.  Eagle  Rock,  a  well-known 
topographic  feature  here,  is  a  picturesque 
outcrop  of  this  sandstone. 


2  The  rocks  of  the  Monterey  group  are  of 
marine  origin  and  indicate  that  in  Miocene 
time  (see  p.  ii)  the  Coastal  Plain  region  was 
submerged  by  the  sea  at  intervals  and  the 
sands  and  muds  were  deposited  in  wide 
estuaries  and  along  beaches.  There  was  a 
long  epoch  of  general  subsidence,  and  a 
great  thickness  of  these  materials  thus 
accumulated.  They  have  since  been 
uplifted,  bent,  and  faulted,  and  later 
terraces  and  plains  were  developed  across 
the  surface. 
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winter,  when  at  times  it  becomes  a  deep  torrent  which  often  does 
considerable  damage. 

Los  Angeles  (Spanish  pronunciation  loce  ahnliay-lace)  is  the 
largest  city  of  the  Southwest,  in  area,  population,  and  business. 

It  was  here,  in  1846,  that  Gen.  Fr&nont  first  raised 
Los  Angeles.  fae  American  flag.  The  settlement,  however,  was 
Elevation  as  fwt.       founded  in  1781,  by  a  garrison  of  soldiers  from  the 

Population  319,198.  .      .  -    0         '     J.     .    f>  _„  .  __ 

Kansascity  i,8oe mii«. mission  of  San  Gabriel,  65  years  prior  to  Fremont  s 

visit.  In  1831  it  had  a  population  of  770,  and  as 
late  as  1880  it  was  an  easy-going  semi-Mexican  town  of  12,000 
inhabitants  centered  about  the  old  plaza  with  the  mission  church 
of  Nuestra  Sefiora  la  Reina  de  los  Angeles  (Our  Lady  Queen  of  the 
Angels),  from  which  the  city  takes  its  name.  With  the  coming  of 
the  Santa  Fe  Railway  in  November,  1885,  homeseekers  began  to 
arrive,  and  a  great  increase  in  property  values  and  the  extent  of 
the  city  followed.  According  to  the  United  States  census,  Los 
Angeles  made  a  greater  percentage  of  increase  in  population  from 
1880  to  1900  than  any  other  town  in  the  United  States,  and  the 
figures  have  shown  remarkably  rapid  increase  since  1900.  A  city 
census  taken  in  June,  1915,  indicates  a  population  of  528,000.  Two 
important  factors  in  its  growth  have  been  the  development  of  electric 
power  from  mountain  streams  as  much  as  240.  miles  away  and  the 
availability  of  cheap  petroleum  fuel. 

In  the  northern  part  of  the  city  is  a  belt  of  oil-producing  territory 
5i  miles  long,  covering  an  area  of  2  square  miles.  Here  hundreds  of 
derricks  have  been  erected  in  close  proximity  to  dwellings.1 


1The  following  notes  are  based  on  a 
concise  account  of  the  geology  and  tech- 
nology of  the  California  oil  fields  by 
Ralph  Arnold  and  V.  R.  Garfias: 

The  production  of  petroleum  in  Califor- 
nia is  the  most  important  mineral  indus- 
try in  the  State,  the  annual  value  of  the 
oil  output  equaling  that  of  all  the  metals. 
Since  1903,  with  the  exception  of  1907 
and  1908,  California  has  annually  pro- 
duced more  petroleum  than  any  other 
State  in  the  Union,  and  in  1914  the  pro- 
duction was  over  100,000,000  barrels. 

The  principal  oil  fields  adjacent  to  Los 
Angeles  are  those  of  the  Los  Angeles  dis- 
trict and  the  Puente  Hills  district.  The 
Los  Angeles  district  includes  the  City 
field,  lying  in  the  city  of  Los  Angeles, 
and  the  Salt  Lake  field  'immediately 
west  of  the  city  limits,  about  4}  miles 
from  its  business  center. 


The  City  field  was  discovered  in  1892, 
when  a  155-foot  shaft  was  sunk  near  a 
small  deposit  of  brea  on  Colton  Street. 
The  first  successful  well  was  drilled  later 
in  that  year  on  Second  Street,  and  by  the 
end  of  1895  there  were  more  than  300 
wells.  This  field  forms  a  narrow  belt 
about  5}  miles  long  running  through  the 
northern  part  of  the  city;  the  total  area  is 
about  2  square  miles.  The  wells  are  from 
500  to  1,200  feet  in  depth,  and  the  gravity 
of  the  oil  ranges  from  12°  to  19°  Baume*. 
The  limits  of  the  field  are  well*  defined. 
The  wells  have  always  been  small  pro- 
ducers, necessitating  pumping,  and  owing 
to  the  great  number  of  wells  drilled  within 
a  small  area  the  field  has  been  drained  at 
a  rapid  rate  and  water  allowed  to  enter 
the  oil  sands  in  many  areas. 

The  first  well  in  the  Salt  Lake  field  was 
drilled  in  1901  by  the  Salt  Lake  Oil  Co., 
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One  notable  feature  in  the  recent  development  of  the  city  has  been 
the  construction  of  an  aqueduct  226  miles  long  to  bring  water  from 
Owens  Valley.  The  capacity  of  this  line  is  250,000,000  gallons  a  day, 
sufficient  to  supply  a  population  of  more  than  a  million.  It  cost 
about  $25,000,000.  At  present  (July  1,  1915)  the  surplus  water  is 
used  for  the  irrigation  of  about  8,000  acres  a  few  miles  north  of 
the  city.  Los  Angeles  County  claims  to  be  the  richest  county  in  the 
United  States  in  value  of  farm  property  and  agricultural  products. 
The  estimated  value  of  all  property  in  the  county  January  1,  1915, 
was  given  at  $1,500,000,000.  General  building  operations  in  the 
city  in  1913  represented  an  expenditure  of  more  than  $31,000,000  for 
materials  and  labor.  Los  Angeles  has  many  parks,  including  one 
containing  3,000  aores,  the  largest  municipal  park  in  the  world. 
There  are  726  miles  of  improved  streets,  and  the  adjoining  region  has 
many  miles  of  fine  roads.  About  25  miles  south  of  the  main  body  of 
the  city  is  San  Pedro,  on  the  ocean,  a  port  from  which  there  is  an 
extensive  coast  and  trans-Pacific  trade. 

The  Museum  of  History,  Science,  and  Art  is  one  of  the  most  inter- 
esting places  in  the  city.     It  has  fine  collections  in  many  branches, 


and  since  1902  this  field  has  been  the 
chief  producer  in  the  Los  Angeles  dis- 
trict. The  wells  are  deeper  than  in  the 
City  field,  ranging  between  1,200  and 
3,000  feet,  and  the  average  gravity  of  the 
oil  is  between  16°  and  18°  Baum6.  Con- 
siderable gas  under  strong  pressure  ac- 
companies the  oil,  which  causes  the  wells 
to  gush  during  the  early  part  of  their  life. 

The  oil  in  the  Los  Angeles  district  is 
derived  largely  from  the  upper  500  feet 
of  the  Monterey  group  and  the  basal  beds 
of  the  Fernando  formation.  During  1914 
the  district  produced  about  2,500,000 
barrels  of  oil,  and  between  1894  and  the 
end  of  1914  it  produced  over  40,000,000 
barrels.  At  present  there  are  about  700 
producing  wells  in  the  district.  The  aver- 
age production  in  the  City  field  is  about 
2J  barrels  a  day  for  each  well  and  in  the 
Salt  Lake  field  about  23  barrels. 

The  oils  of  the  City  field  are  uniform  in 
quality,  although  they  vary  considerably 
in  gravity.  They  contain  considerable 
sulphur,  and  owing  to  the  entire  absence 
of  light  products  are  of  little  value  for 
refining,  being  used  almost  entirely  for 
fuel.  The  oils  produced  in  the  Salt 
Lake  field  show  a  marked  similarity  in 
general  properties,  being  characterized 


by  a  high  percentage  of  sulphur.  The 
heavy  oils  are  highly  viscous,  and  the 
yield  of  asphalt  is  considerable. 

The  Puente  Hills  district,  from  12  to  34 
miles  southeast  of  Los  Angeles,  was  the 
second  oil  district  discovered  in  Cali- 
fornia. The  first  producing  well  in  it 
was  completed  in  1880.  Until  1893  the 
Puente  Hills  and  Santa  Clara  River 
Valley  districts  yielded  practically  all 
the  oil  produced  in  California.  The 
average  depth  of  the  wells  in  the  Puente 
Hills  district  is  somewhat  more  than 
1,300  feet  and  the  average  life  of  the 
wells  about  16  years.  The  gravity  of  the 
oil  varies  between  21°  and  32°  Baum£. 

The  lighter  grades  of  oil  are  believed 
to  come  from  the  Monterey  groups,  the 
heavier  grades  are  derived  largely  from 
the  coarser  sediments  of  the  Fernando. 

On  December  31,  1912,  there  were  470 
producing  wells  in  the  Puente  Hills  dis- 
trict, and  the  output  for  the  year  was 
nearly  7,000,000  barrels.  The  total  pro- 
duction of  the  field  from  1889  to  1912, 
inclusive,  was  nearly  41,000,000  barrels. 
The  oil  produced  varies  greatly  in  com- 
position, the  greater  portion  being  of  light 
grade  and  utilized  by  refineries  near  Los 
Angeles. 
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exhibited  in  an  attractive  and  instructive  manner.  The  museum  I 
authorities  control  the  wonderful  bone  deposits  in  the  asphalt  springs 
of  Rancho  La  Brea,  about  8  miles  directly  west  of  the  city.  These 
springs  have  been  for  centuries  the  most  effective  natural  animal 
trap  known,  and  the  asphalt  has  preserved  the  bones  of  the  thousands 
of  extinct  as  well  as  modern  animals  caught  in  its  deceptive  and 
sticky  pools.  The  skeletons  of  elephants,  camels,  sloths,  saber- 
toothed  tigers;  bears,  and  myriads  of  smaller  animals,  including  many 
birds,  are  being  gradually  dug  out  and  set  up  in  the  museum.  Among 
the  bones  has  recently  been  found  the  skull  of  a  human  being  who 
lived  probably  not  less  than  10,000  years  ago,  contemporaneously 
with  many  animals  now  extinct. 

With  the  permission  of  the  Museum  of  History,  Science,  and  Art 
the  Rancho  La  Brea  may  be  visited.     On  the  way  thither  the  traveler  ui 
passes  over  a  portion  of  the  great  alluvial  plain  of  Los  Angeles,  which 
is  underlain,  at  least  in  part,  by  three  Quaternary  formations,  the  «>< 
oldest  of  which  is  a  marine  deposit  laid  down  horizontally  on  the  k** 
beveled  edges  of  a  very  thick  series  of  tilted  Pliocene  beds.     This  T 
marine  Quaternary  deposit  has  a  thickness  of  100  feet  in  the  north- 
western portion  of  the  city,  but  thins  to  an  edge  near  the  ancient  sea 
cliff  beyond.    Los  Angeles  River  excavated  a  valley  about  a  mile 
wide  and  100  feet  deep  in  the  marine  deposit  and  filled  the  trench   : 
with  river  deposits,  the  second  Quaternary  formation.     This  in  turn 
is  covered  by  the  alluvium  of  the  present  plain.  I 
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GLOSSARY  OF  GEOLOGIC  TERMS. 

Alluvial  fan.  The  outspread  sloping  deposit  of  bowlders,  gravel,  and  sand  left  by  a 
stream  where  it  passes  from  a  gorge  out  upon  a  plain. 

Andesite.  A  lava  of  widespread  occurrence,  usually  of  dark-gray  color  and  inter- 
mediate in  chemical  composition  between  rhyolite  and  basalt. 

Anticline.  An  arch  of  bedded  or  layered  rock  suggestive  in  form  of  an  overturned 
canoe.  (See  fig.  16,  p.  86;  fig.  25,  p.  117;  PI.  XIX,  B,  p.  103.)  See  also  Dome 
and  Syncline.) 

Badlands.  A  region  nearly  devoid  of  vegetation  where  erosion,  instead  of  carving 
hills  and  valleys  of  the  familiar  type,  has  cut  the  land  into  an  intricate  maze  of 
narrow  ravines  and  sharp  crests  and  pinnacles.  Travel  across  such  a  region  is 
almost  impossible,  hence  the  name.    (See  PL  XXII,  p.  110.) 

Basalt.  A  common  lava  of  dark  color  and  of  great  fluidity  when  molten.  Basalt  is 
less  siliceous  than  granite  and  rhyolite,  and  contains  much  more  iron,  calcium, 
and  magnesium. 

BoLson  (pronounced  bowl-sown').  A  flat-floored  desert  valley  that  drains  to  a  central 
evaporation  pan  or  playa. 

Bomb.    See  Volcanic  bomb. 

Breccia  (pronounced  bretch/ya).  A  mass  of  naturally  cemented  angular  rock  frag- 
ments. 

Cross-bedding.  Irregular  bedding  at  an  angle  oblique  to  the  general  plane  of  strat- 
ification (see  Sedimentary  rocks),  formed  by  the  action  of  tides  or  currents  vary- 
ing in  direction  and  force.    (See  PI.  XVII,  p.  101;  PI.  XXIX,  p.  119.) 

Crystalline  rock.  A  rock  composed  of  closely  fitting  mineral  crystals  that  have 
formed  in  the  rock  substance,  as  contrasted  with  one  made  up  of  cemented  grains 
of  sand  or  other  material  or  with  a  volcanic  glass. 

Diabase.  A  heavy,  dark  intrusive  rock  having  the  same  composition  as  basalt  but, 
on  account  of  its  slower  cooling,  a  more  crystalline  texture.  Its  principal  con- 
stituent minerals  are  feldspar,  augite,  and  usually  olivine.  Olivine  is  easily 
changed  by  weathering,  and  in  many  diabases  is  no  longer  recognizable.  Augite 
is  a  mineral  containing  iron  and  magnesium  and  is  similar  to  hornblende. 

Dike.  A  masB  of  igneous  rock  that  has  solidified  in  a  wide  fissure  or  crack  in  the 
earth's  crust.    (See  fig.  8,  p.  54;  PL  VII,  p.  53.) 

Diorite.  An  even-grained  intrusive  igneous  rock  consisting  chiefly  of  the  minerals 
feldspar,  hornblende,  and  very  commonly  black  mica.  If  the  rock  contains 
much  quartz,  it  is  called  quartz  diorite.  Quartz  diorite  resembles  granite  and  is 
connected  with  that  rock  by  many  intermediate  varieties,  including  monzonite. 
The  feldspar  in  diorite  differs  from  that  in  granite  in  containing  calcium  and 
sodium  instead  of  potassium.  Hornblende  is  a  green  or  black  mineral  containing 
iron,  magnesium,  calcium,  and  other  constituents. 

Dip.  The  slope  of  a  rock  layer  expressed  by  the  angle  which  the  top  or  bottom  of 
the  layer  makes  with  a  horizontal  plane.  (See  fig.  3,  p.  14;  fig.  13,  p.  71;  PI. 
XVIII,  p.  102;  PI.  XX,  B,  p.  106.)    (See  also  Strike.) 

Dissected.  Cut  by  erosion  into  hills  and  valleys.  Applicable  especially  to  plains 
or  peneplains  in  process  of  erosion  after  an  uplift. 

Dome.    As  applied  to  rock  layers  or  beds,  a  short  anticline,  suggestive  of  an  inverted 
basin. 
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Drift.  The  rock  fragments — soil,  gravel,  and  silt — carried  by  a  glacier.  Drift  in- 
cludes the  unassorted  material  known  as  till  and  deposits  made  by  streams  flow- 
ing from  a  glacier. 

Erosion.  The  wearing  away  of  materials  at  the  earth's  surface  by  the  mechanical 
action  of  running  water,  waves,  moving  ice,  or  windB,  which  use  rock  fragments 
and  grains  as  tools  or  abrasives.  See  PI.  XVII,  p.  101;  Pis.  XXX-XXXIII, 
pp.  126-127.)    Erosion  is  aided  by  weathering.    (See  Weathering.) 

Fault.  A  fracture  in  the  earth's  crust  accompanied  by  movement  of  the  rock  on 
one  side  of  the  break  past  that  on  the  other.  If  the  fracture  is  inclined  and  the 
rock  on  one  side  appears  to  have  slid  down  the  slope  of  the  fracture  the  fault  is 
termed  a  normal  fault.  If,  on  the  other  hand,  the  rock  on  one  side  appears  to 
have  been  shoved  up  the  inclined  plane  of  the  break  the  fault  is  termed  a  reverse 
fault.    (See  fig.  14,  p.  78;  fig.  17,  p.  92;  fig.  28,  p.  127.) 

Fault  block.    A  part  of  the  earth's  crust  bounded  wholly  or  in  part  by  faults. 

Fault  scarp.  The  cliff  formed  by  a  fault.  Most  fault  scarps  have  been  modified  by 
erosion  since  the  faulting. 

Fauna.    The  animals  that  inhabited  the  world  or  a  certain  region  at  a  certain  time. 

Fissure.    A  crack,  break,  or  fracture  in  the  earth's  crust  or  in  a  mass  of  rock. 

Flood  plain.  The  nearly  level  land  that  borders  a  Btream  and  is  subject  to  occasional 
overflow.    Flood  plains  are  built  up  by  sediment  left  by  such  overflows. 

Flora.    The  assemblage  of  plants  growing  at  a  given  time  or  in  a  given  place. 

Fold.  A  bend  in  rock  layers  or  beds.  Anticlines  and  synclines  are  the  common 
types  of  folds. 

Formation.  A  rock  layer,  or  a  series  of  continuously  deposited  layers  grouped 
together,  regarded  by  the  geologist  as  a  unit  for  purposes  of  description  and 
mapping.  A  formation  is  usually  named  from  some  place  where  it  is  exposed 
in  its  typical  character.    For  example,  Denver  formation,  Niobrara  limestone. 

Fossil.  The  whole  or  any  part  of  an  animal  or  plant  that  has  been  preserved  in 
the  rocks  or  the  impression  left  by  a  plant  or  animal.  This  preservation  is  invari- 
ably accompanied  by  change  in  substance,  and  from  some  impressions  the  original 
substance  has  all  been  removed.    (See  PI.  XXI,  p.  107.) 

Gneiss  (pronounced  nice).  A  rock  resembling  granite,  but  with  its  mineral  con- 
stituents so  arranged  as  to  give  it  a  banded  appearance.  Most  gneisses  are  meta- 
morphic  rocks  derived  from  granite  or  other  igneous  rocks. 

Granite.  A  crystalline  igneous  rock  that  has  solidified  slowly  deep  within  the  earth. 
It  consists  chiefly  of  the  minerals  quartz,  feldspar,  and  one  or  both  of  the  common 
kinds  of  mica,  namely,  black  mica,  or  biotite,  and  white  mica,  or  muscovite. 
The  feldspar  is  the  kind  known  as  orthoclase,  and  may  be  distinguished  from 
quartz  by  its  pale-reddish  tint  and  its  property  of  breaking  with  flat  shining 
surfaces  (cleavage),  for  quartz  breaks  irregularly.  The  micas  are  easily  recog- 
nized by  their  cleavage  into  thin,  flexible  flakes  and  their  brilliant  luster. 

Horizon.  In  geology  any  distinctive  plane  traceable  from  place  to  place  in  different 
exposures  of  strata  and  marking  the  same  period  of  geologic  time.  A  particular 
horizon  may  be  characterized  by  distinctive  fossils. 

Igneous  rocks.  Rocks  formed  by  the  cooling  and  solidification  of  a  hot  liquid  ma- 
terial, known* as  magma,  that  has  originated  at  unknown  depths  within  the  earth. 
Those  that  have  solidified  beneath  the  surface  are  known  as  intrusive  rocks,  or 
if  the  cooling  has  taken  place  slowly  at  great  depth,  as  plutonic  intrusive  or 
plutonic  rocks.  Those  that  have  flowed  out  over  the  surface  are  known  as  effusive 
rocks,  extrusive  rocks,  or  lavas.  The  term  volcanic  rocks  includes  not  only  lavas, 
but  bombs,  pumice,  tuff,  volcanic  ash,  and  other  fragmental  materials  or  ejecta 
thrown  out  from  volcanoes. 

Lithologic.  Pertaining  to  lithology,  or  the  study  of  rocks.  (See  uIbo  Petrology.) 
Pertaining  to  rock  character. 

Lode.    An  ore-bearing  vein  (see  Vein);  especially  a  broad  or  complex  vein. 
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Loess  (pronounced  lurse  with  the  r  obscure).  A  fine  homogeneous  silt  or  loam 
showing  usually  no  division  into  layers  and  forming  thick  and  extensive  deposits 
in  the  Mississippi  Valley  and  in  China.  It  is  generally  regarded  as  in  part  at 
least  a  deposit  of  wind-blown  dust. 

Heander.  To  flow  in  serpentine  curves.  A  loop  in  a  stream.  The  term  comes 
from  the  Greek  name  of  a  river  in  Asia  Minor,  which  has  a  sinuous  course.  Most 
streams  in  flowing  across  plains  develop  meanders. 

Hetamorphism.  Any  change  in  rocks  effected  in  the  earth  by  heat,  pressure, 
solutions,  or  gases.  A  common  cause  of  the  metamorphism  of  rocks  is  the  intru- 
sion into  them  of  igneous  rocks.  Rocks  that  have  been  so  changed  are  termed 
metamorphic.    Marble,  for  example,  is  metamorphosed  limestone. 

Honzonite.  An  even-grained  intrusive  igneous  rock  intermediate  in  character 
between  diorite  and  granite.    It  resembles  granite. 

Moraine.    A  mass  of  drift  deposited  by  a  glacier  at  its  end  or  along  its  sides. 

Oil  pool.  An  accumulation  or  body  of  oil  in  sedimentary  rock  that  yields  petro- 
leum on  drilling.  The  oil  occurs  in  the  pores  of  the  rock  and  is  not  a  pool  or 
pond  in  the  ordinary  sense  of  these  words. 

Outcrop.  That  part  of  a  rock  that  appears  at  the  surface.  The  appearance  of  a  rock 
at  the  surface  or  its  projection  above  the  soil.    (See  PI.  IX,  p.  57.) 

Paleontology.  The  study  of  the  world's  ancient  life,  either  plant  or  animal,  by 
means  of  fossils. 

Peneplain.  A  region  reduced  almost  to  a  plain  by  the  long-continued  normal 
erosion  of  a  land  surface.  It  should  be  distinguished  from  a  plain  produced 
by  the  attack  of  waves  along  a  coast  or  the  built-up  flood  plain  of  a  river. 

Petrography.  The  description  of  rocks,  especially  of  igneous  and  metamorphic 
rocks  studied  with  the  aid  of  the  microscope. 

Petrology.    The  study  of  rocks,  especially  of  igneous  and  metamorphic  rocks. 

Placer  deposit.  A  mass  of  gravel,  sand,  or  similar  material  resulting  from  the 
crumbling  and  erosion  of  solid  rocks  and  containing  particles  or  nuggets  of  gold, 
platinum,  tin,  or  other  valuable  minerals,  which  have  been  derived  from  rocks 
or  veins. 

Playa  (pronounced  plah/ya).  The  shallow  central  basin  of  a  desert  plain,  in  which 
water  gathers  after  a  rain  and  is  evaporated. 

Porphyry.  Any  igneous  rock  in  which  certain  crystal  constituents  are  distinctly 
visible  in  contrast  with  the  finer-grained  substance  of  the  rock. 

Quartzite.  A  rock  composed  of  sand  grains  cemented  by  silica  into  an  extremely 
hard  mass. 

Rhyolite.  A  lava,  usually  of  light  color,  corresponding  in  chemical  composition  to 
granite.  The  same  molten  liquid  that  at  great  depth  within  the  earth  solidifies 
as  granite  would,  if  it  flowed  out  on  the  surface,  cool  more  quickly  and  crystallize 
less  completely  as  rhyolite. 

Schist.  A  rock  that  by  subjection  to  heat  and  pressure  within  the  earth  has  under- 
gone a  change  in  the  character  of  the  particles  or  minerals  that  compose  it  and 
has  these  minerals  arranged  in  such  a  way  that  the  rock  splits  more  easily  in 
certain  directions  than  in  others.  A  schist  has  a  crystalline  grain  roughly  com- 
parable with  the  grain  of  a  piece  of  wood. 

Sedimentary  rocks.  Rocks  formed  by  the  accumulation  of  sediment  in  water 
(aqueous  deposits)  or  from  air  (eolian  deposits).  The  sediment  may  consist  of 
rock  fragments  or  particles  of  various  sizes  (conglomerate,  sandstone,  shale);  of 
the  remains  or  products  of  animals  or  plants  (certain  limestones  and  coal);  of  the 
product  of  chemical  action  or  of  evaporation  (salt,  gypsum,  etc.);  or  of  mixtures 
of  these  materials.  Some  sedimentary  deposits  (tuffs)  are  composed  of  fragments 
blown  from  volcanoes  and  deposited  on  land  or  in  water.  A  characteristic  feature 
of  sedimentary  deposits  is  a  layered  structure  known  as  bedding  or  stratifica- 
tion. Each  layer  is  a  bed  or  Btratum.  Sedimentary  beds  as  deposited  lie  flat  or 
nearly  flat.     (See  PL  VI,  p.  52;  PI.  XXVI,  p.  114;  PI.  XXXII,  p.  126.) 
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Shale.    A  rock  consisting  of  hardened  thin  layers  of  fine  mud. 

Slate.  A  rock  that  by  subjection  to  pressure  within  the  earth  has  acquired  the 
property  of  splitting  smoothly  into  thin  plates.  The  cleavage  is  smoother  and 
more  regular  than  the  splitting  of  schist  along  its  grain. 

Stratigraphy.  The  branch  of  geologic  science  that  deals  with  the  order  and  rela- 
tions of  the  strata  of  the  earth's  crust. 

Strike.  The  direction  along  which  an  inclined  rock  layer  would  meet  the  earth's 
surface  if  that  surface  were  level.  The  outcrop  (which  see)  of  a  bed  on  a  plain 
is  coincident  with  its  strike. 

Structure.  In  geology,  the  forms  assumed  by  sedimentary  beds  and  igneous  rocks 
that  have  been  moved  from  their  original  position  by  forces  within  the  earth, 
or  the  forms  taken  by  intrusive  masses  of  igneous  rock  in  connection  with  effects 
produced  mechanically  on  neighboring  rocks  by  the  intrusion.  Folds  (anticlines 
and  synclines)  and  faults  are  the  principal  mechanical  effects  considered  under 
structure.    Schistosity  and  cleavage  are  also  structural  features. 

Syncline.  An  inverted  arch  of  bedded  or  layered  rock  suggestive  in  form  of  a  canoe. 
(See  fig.  12,  p.  68.) 

Talus  (pronounced  taylus).  The  mass  of  loose  rock  fragments  that  accumulates  at 
the  base  of  a  cliff  or  steep  slope.    (See  PL  XXXVI,  p.  135.) 

Terrace.  A  steplike  bench  on  a  hillside.  Most  terraces  along  rivers  are  remnants 
of  valley  bottoms  formed  when  the  stream  flowed  at  higher  levels.  Other  ter- 
races have  been  formed  by  waves.  Some  terraces  have  been  cut  in  solid  rock, 
others  have  been  built  up  of  sand  and  gravel,  and  still  others  have  been  partly 
cut  and  partly  built  up. 

Till.  The  deposit  of  mingled  bowlders,  rock  fragments,  and  soil  left  behind  by  a 
melting  glacier  or  deposited  about  its  margin. 

Tuff.  A  rock  consisting  of  a  layer  or  layere  of  lava  particles  blown  from  a  volcano. 
A  fine  tuff  is  often  called  volcanic  ash  and  a  coarse  tuff  is  called  breccia. 

Type  locality.  The  place  at  which  a  formation  is  typically  displayed  and  from 
which  it  is  named;  also  the  place  at  which  a  fossil  or  other  geologic  feature  is 
displayed  in  typical  form. 

Unconformity.  A  break  in  the  regular  succession  of  sedimentary  rocks,  indicated 
by  the  fact  that  one  bed  rests  on  the  eroded  surface  of  one  or  more  beds  which 
may  have  a  distinctly  different  dip  from  the  bed  above.'  An  unconformity  may 
indicate  that  the  beds  below  it  have  at  some  time  been  raised  above  the  sea 
and  have  been  eroded.  In  some  places  beds  thousands  of  feet  thick  have  been 
washed  away  before  the  land  again  became  submerged  and  the  first  bed  above 
•  the  surface  of  unconformity  was  deposited.  If  beds  of  rock  may  be  regarded  as 
leaves  in  the  volume  of  geologic  history,  an  unconformity  marks  a  gap  in  the 
record.    (See  fig.  28,  p.  127;  fig.  30,  p.  130.) 

Vein.  A  mass  of  mineral  material  that  has  been  deposited  in  or  along  a  fissure  in 
the  rocks.  A  vein  differs  from  a  dike  in  that  the  vein  material  was  introduced 
gradually  by  deposition  from  solution  whereas  a  dike  was  intruded  in  a  molten 
condition. 

Volcanic  bomb.  A  rounded  mass  of  lava  thrown  out  while  in  a  hot  and  pasty  con- 
dition from  a  volcano.  A  bomb,  like  a  raindrop,  is  rounded  in  its  passage  through 
the  air  and  may  be  covered  with  a  cracked  crust  due  to  quick  cooling. 

Volcanic  cone.  A  mountain  or  hill,  usually  of  characteristic  conical  form,  built 
up  around  a  volcanic  vent.  The  more  nearly  perfect  cones  are  composed  princi- 
pally of  lava  fragments  and  volcanic  ashes.  (See  fig.  38,  p.  155;  PL  XIV,  B, 
p.  100;  PL  XXVI,  p.  115.) 

Volcanic  glass.  Lava  that  has  cooled  and  solidified  before  it  has  had  time  to  crys- 
tallize. 
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Volcanic  neck.  A  plug  of  lava  that  congealed  in  the  pipe  of  a  volcano.  When 
the  tuffe  and  lava  flows  that  make  up  most  of  a  volcanic  cone  have  been  washed 
away  by  erosion  the  neck  may  remain  as  an  isolated  hill.    (See  fig.  20,  p.  97.) 

Volcanic  rocks.  Igneous  rocks  erupted  at  or  near  the  earth's  surface,  including 
lavas,  tuffs,  volcanic  ashes,  and  like  material. 

Weathering.  The  group  of  processes,  such  as  the  chemical  action  of  air  and  rain 
water  and  of  plants  and  bacteria  and  the  mechanical  action  of  changes  of  tem- 
perature, whereby  rocks  on  exposure  to  the  weather  change  in  character,  decay, 
and  finally  crumble  into  soil.    (See  PI.  XXXVII,  p.  140.) 
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Principal  Divisions  of  Geologic  Time. a 

[A  glossary  of  geologic  terms  Is  given  on  pp.  133-136.] 


Era. 

Period. 

Epoch. 

Characteristic  life. 

Duration,  accord- 
ing to  various 
estimates. 

Cenocolc  (re- 
cent life). 

Quaternary. 

Recent. 

Pleistooene 
(Great 
toe  Age). 

"Age  of  man."    Animals  and  plants  of 
modem  types. 

Millions  of  yean. 
lto5. 

Tertiary. 

Pliocene. 
Miocene. 
Oligocene. 
Eocene. 

1 '  Age  of  mammals. "    Possible  first  appear- 
ance of  man.    Rise  and  development  of 
highest  orders  of  plants. 

Cretaceous. 

(*) 

"Age  of  reptiles."    Rise  and  culmination 
of  huge  land  reptiles  (dinosaurs),  of  shell- 
fish with  complexly  partitioned  coiled 
shells  (ammonites),  and  of  great  flying 
reptiles.    First  appearance  (m  Jurassic; 
of  birds  and  mammals;  of  cycads,  an 
order  of  palmlike  plants  (in  Triassic); 
and  of  angiospermous  plants,  among 
which  are  palms  and  hardwood  trees 
(in  Cretaceous). 

Meaosolo  (in- 
termediate 
life). 

Jurassic. 

(*) 

4  to  10. 

Triassic. 

(») 

Carbonifer- 
ous. 

Permian. 

"Age  of  amphibians."   Dominance  of  club 
mosses  (lyoopods)  and  plants  of  horsetail 
and   fern  types.    Primitive   flowering 
plants  and  earliest  cone-bearing  trees. 
Beginnings  of  backboned  land  animals 
(land   vertebrates).    Insects.    Animals 
with  nautilus-like  coiled  sheila  (ammon- 
ites) and  sharks  abundant. 

Pennsylva- 
nian. 

Missi  s  s  i  p- 
pian. 

Devonian. 

(») 

"Age  of  fishes."    Shellfish  fmollusks)  also 
abundant.    Rise  of  amphibians  ana  land 
plants. 

Paleozoic 
(old  life). 

Silurian. 

<*> 

Shell-forming  sea  animals  dominant,  espe- 
cially those  related  to  the  nautilus  (ceph- 
alopods).    Rise  and  culmination  of  the 
marine  animals  sometimes  known  as  sea 
lilies  (crinolds)  and  of  giant  scorpion- 
like crustaceans  (eurypterids).    Rue  of 
fishes  and  of  reef-building  corals. 

17  to  25. 

Ordovician. 

<*) 

Shell-forming  sea  animals,  especially  ceph- 
alopoda and  mollusk-like  brachlopods, 
abundant.    Culmination  of  the  buglike 
marine  crustaceans  known  as  txilobites. 
First  trace  of  insect  life. 

Cambrian. 

W 

Trflobites  and  brachlopods  most  charac- 
teristic animals.  Seaweeds  (aleae)  abun- 
dant.   No  trace  of  land  animals  found. 

P  r  o  t  erosoio 
(primordial 
life). 

Algonkian. 

(>) 

First  life  that  has  left  distinct  record. 
Crustaceans,  brachiopods,  and  seaweeds. 

Archean. 

Crystalline 
rocks. 

No  fossils  found. 

SO-K 

«  The  geologic  record  consists  mainly  of  sedimentary  beds— beds  deposited  in  water.  Over  large  am* 
long  periods  of  uplift  and  erosion  intervened  between  periods  of  deposition.  Every  such  interruption  in 
deposition  in  any  area  produces  there  what  geologists  term  an  unconformity.  Many  of  the  time  divisions 
shown  above  are  separated  by  such  unconformities— that  is,  the  dividing  lines  in  the  table  represent  local 
or  widespread  uplifts  or  depressions  of  the  earth's  surface. 

*  Epoch  names  omitted;  in  less  common  use  than  those  given. 


PREFACE. 


By  George  Otis  Smith 


The  United  States  of  America  comprise  an  area  so  vast  in  extent 
and  so  diverse  in  natural  features  as  well  as  in  characters  due  to 
human  agency  that  the  American  citizen  who  knows  thoroughly  his 
own  country  must  have  traveled  widely  and  observed  wisely.  To 
"know  America  first"  is  a  patriotic  obligation,  but  to  meet  this  obli- 
gation the  railroad  traveler  needs  to  have  his  eyes  directed  toward 
the  more  important  or  essential  things  within  his  field  of  vision  and 
then  to  have  much  that  he  sees  explained  by  what  is  unseen  in  the 
swift  passage  of  the  train.  Indeed,  many  things  that  attract  his 
attention  are  inexplicable  except  as  the  story  of  the  past  is  available 
to  enable  him  to  interpret  the  present.  Herein  lie  the  value  and  the 
charm  of  history,  whether  human  or  geologic. 

The  present  stimulus  given  to  travel  in  the  home  country  will 
encourage  many  thousands  of  Americans  to  study  geography  at  first 
hand.  To  make  this  study  most  profitable  the  traveler  needs  a  hand- 
book that  will  answer  the  questions  that  come  to  his  mind  so  readily 
along  the  way.  Furthermore,  the  aim  of  such  a  guide  should  be  to 
stimulate  the  eye  in  the  selection  of  the  essentials  in  the  scene  that 
so  rapidly  unfolds  itself  in  the  crossing  of  the  continent.  In  recog- 
nition of  the  opportunity  afforded  in  1915  to  render  service  of  this 
kind  to  an  unusually  large  number  of  American  citizens  as  well  as  to 
visitors  from  other  countries,  the  United  States  Geological  Survey  has 
prepared  a  series  of  guidebooks1  covering  four  of  the  older  railroad 
routes  west  of  the  Mississippi. 

These  books  are  educational  in  purpose,  but  the  method  adopted  is 
to  entertain  the  traveler  by  making  more  interesting  what  he  sees 
from  the  car  window.  The  plan  of  the  series  is  to  present  authori- 
tative information  that  may  enable  the  reader  to  realize  adequately 
the  scenic  and  material  resources  of  the  region  he  is  traversing,  to 
comprehend  correctly  the  basis  of  its  development,  and  above  all  to 
appreciate  keenly  the  real  value  of  the  country  he  looks  out  upon, 

1  Guidebook  of  the  western  United  States:  Part  A,  The  Northern  Pacific  Route,  with 
a  side  trip  to  Yellowstone  Park  (Bulletin  611);  Part  B,  The  Overland  Route,  with  a 
side  trip  to  Yellowstone  Park  (Bulletin  612) ;  Part  0,  The  Santa  Fe  Route,  with  a  side 
trip  to  Grand  Canyon  of  the  Colorado  (Bulletin  613);  Part  D,  The  Shasta  Route  and 
Coast  Line  (Bulletin  614). 
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not  as  so  many  square  miles  of  territory  represented  on  the  map  in  a 
railroad  folder  by  meaningless  spaces,  but  rather  as  land — real  estate, 
if  you  please — varying  widely  in  present  appearance  because  differing 
largely  in  its  history  and  characterized  by  even  greater  variation  in 
values  because  possessing  diversified  natural  resources.  One  region 
may  be  such  as  to  afford  a  livelihood  for  only  a  pastoral  people; 
another  may  present  opportunity  for  intensive  agriculture;  still 
another  may  contain  hidden  stores  of  mineral  wealth  that  may 
attract  large  industrial  development;  and  taken  together  these  varied 
resources  afford  the  promise  of  long-continued  prosperity  for  this  or 
that  State. 

Items  of  interest  in  civic  development  or  references  to  significant 
epochs  in  the  record  of  discovery  and  settlement  may  be  interspersed 
with  explanations  of  mountain  and  valley  or  statements  of  geologic 
history.  In  a  broad  way,  the  story  of  the  West  is  a  unit,  and  every 
chapter  should  be  told  in  order  to  meet  fully  the  needs  of  the  tourist 
who  aims  to  understand  all  that  he  sees.  To  such  a  traveler-reader 
this  series  of  guidebooks  is  addressed. 

To  this  interpretation  of  our  own  country  the  United  States  Geo- 
logical Survey  brings- the  accumulated  data  of  decades  of  pioneering 
investigation,  and  the  present  contribution  is  only  one  type  of  return 
to  the  public  which  has  supported  this  scientific  work  under  the  Fed- 
eral Government. 

In  preparing  the  description  of  the  country  traversed  by  the  Shasta 
Route  and  Coast  Line  aU  the  geographic  and  geologic  information 
already  published  as  well  as  other  unpublished  material  in  the  posses- 
sion of  the  Geological  Survey  has  been  utilized,  but  to  supplement  this 
material  Mr.  Diller  made  a  field  examination  of  the  entire  route  in 
1914.  Information  has  been  furnished  by  Dr.  F.  M.  Anderson,  Dr. 
J.  C.  Branner,  Dr.  J.  Harlen  Bretz,  Prof.  E.  S.  Burgess,  Mr.  J.  S.  Dag- 
gett, Mrs.  L.  P.  Diller,  Mr.  Harold  Hannibal,  Mr.  O.  H.  Hersh^y, 
Prof.  A.  C.  Lawson,  Prof.  G.  D.  Louderback,  Prof.  J.  P.  Smith,  Prof. 
C.  F.  Tolman,  jr.,  and  Prof.  C.  E.  Weaver,  as  well  as  by  others  to 
whom  credit  is  given  in  the  text.  Railroad  officials  and  other  citizens 
have  also  generously  given  their  aid,  and  other  members  of  the  Survey 
have  freely  cooperated  in  the  work. 

For  the  purpose  of  furnishing  the  traveler  with  a  graphic  presen- 
tation of  each  part  of  his  route  the  accompanying  maps,  19  sheets  in 
all,  have  been  prepared  with  a  degree  of  accuracy  probably  never 
before  attained  in  a  guidebook,  and  their  arrangement  has  been 
planned  to  meet  the  convenience  of  the  reader.  The  special  topo- 
graphic surveys  necessary  to  complete  the  topographic  map  of  the 
route  were  made  by  B.  A.  Jenkins  and  J.  E.  Blackburn. 
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PART  D.    THE  SHASTA  ROUTE  AND  COAST  LINE. 


By  J.  S.  Diller  and  others. 


INTRODUCTION. 

From  Alaska  to  Lower  California  the  western  coast  of  North  Amer- 
ica is  bordered  by  a  belt  of  mountains  which  is  from  100  to  200  miles 
wide.  This  belt  as  a  whole  has  been  named  the  Pacific  System.  It 
separates  the  Pacific  Ocean  on  the  west  from  an  interior  plateau 
region,  which  also  stretches  from  Alaska  to  Mexico.  This  plateau  is 
of  varied  character  but,  as  is  well  illustrated  by  the  State  of  Nevada, 
much  of  it  is  arid  and  is  seamed  with  mountain  ranges. 

Attention  need  be  directed  here  only  to  that  part  of  the  Pacific 
System  which  lies  chiefly  in  the  States  of  Washington,  Oregon,  and 
California,  a  section  1,300  miles  in  length.  (See  PL  I.)  Within 
these  three  States  the  Pacific  System  embraces  a  number  of  distinct 
mountain  ranges  from  which  project  some  of  the  loftiest  peaks  on  the 
continent.  It  includes  also  broad  valleys  that  are  in  part  close  to 
sea  level.  Consequently  it  is  a  region  of  strong  contrasts  in  altitude 
and  of  wide  diversity  of  scenery  and  climate.  Before  the  snow  dis- 
appears each  summer  from  the  crest  of  the  Sierra  Nevada  the  burning 
sun  in  the  interior  valley  of  California  has  yellowed  the  grain  and  has 
tinted  the  fruit  in  orchard  and  vineyard.  Throughout  the  year  the 
snow  cap  of  Mount  Rainier  is  in  full  sight  from  the  fertile  valleys  of 
Washington,  where  winter  severity  is  unknown. 

For  its  entire  extent,  from  Alaska  to  Lower  California,  the  Pacific 
System  may  in  general  be  divided  lengthwise  into  three  parts — two 
long  lines  of  mountain  ranges  and  an  intervening  belt  of  valleys  that 
may  be  called  the  Pacific  valley  belt.  The  northernmost  member  of 
this  belt  that  need  be  considered  here  is  the  valley  of  Puget  Sound. 
A  low  divide  separates  the  sound  from  Cowlitz  Valley,  the  next  mem- 
ber of  the  belt  to  the  south.  Cowlitz  Valley  drains  southward  to  the 
Columbia  and  is  succeeded  on  the  south  by  Willamette  (wil-lam'et) 
Valley,  whose  waters  flow  northward  into  the  Columbia.  Willamette 
Valley  extends  southward  for  about  120  miles,  or  about  halfway 
across  the  State  of  Oregon.  Between  its  head  and  the  north  end 
of  the  Great  Valley  of  California,  the  next  member  of  the  Pacific 
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valley  belt,  there  is  a  tract  of  generally  mountainous  country, 
where,  for  200  miles,  the  threefold  longitudinal  division  of  the  Pacific 
System  into  two  ranges  and  an  intervening  belt  of  valleys  is  less  evi- 
dent than  it  is  elsewhere.  South  of  this  interrupting  mass  of  moun- 
tains, which  is  dominated  by  Mount  Shasta,  the  Great  Valley  of  Cali- 
fornia stretches  for  more  than  400  miles,  having  a  width  in  general  of 
40  to  50  miles.  Its  northern  part,  known  as  the  Sacramento  Valley, 
drains  southward,  and  its  southern  part,  known  as  the  San  Joaquin 
Valley,  drains  northward,  Sacramento  and  San  Joaquin  rivers 
both  flowing  into  San  Francisco  Bay.  The  south  end  of  the  San 
Joaquin  Valley  is  separated  by  the  transverse  Tehachapi  Mountains 
from  the  Mohave  Desert.  This  in  turn  is  separated  by  the  San  Ber- 
nardino range  from  the  Salton  Basin,  which  is  nothing  more  than  the 
former  upper  part  of  the  Gulf  of  California,  the  sea  having  been 
excluded  by  the  great  mass  of  sediment  dumped  into  the  gulf  by 
Colorado  River.  By  some  the  Mohave  Desert  and  the  Gulf  of  Cali- 
fornia are  regarded  as  parts  of  the  Pacific  valley  belt.  By  others, 
however,  notwithstanding  the  general  alignment  of  these  features 
with  the  Great  Valley  of  California,  they  are  regarded  as  parts  of  the 
plateau  region  that  lies  east  of  the  Pacific  System  of  mountains. 

As  the  Pacific  valley  belt  separates  in  general  two  parallel  ranges 
of  mountains,  so  these  ranges  in  turn  may  be  subdivided  into  moun- 
tain groups  that  are  sufficiently  distinct  in  form  or  structure  to  have 
received  individual  names. 

At  the  north  end  of  the  western  line,  between  Puget  Sound  and  the 
ocean,  staiid  the  Olympic  Mountains,  which  attain  a  height  of  8,000 
feet.  Very  little  is  known  of  their  structure  or  of  the  rocks  that 
compose  them. 

South  of  the  Olympic  Mountains,  stretching  along  the  coast  of 
Washington  and  Oregon  for  350  miles,  is  a  comparatively  low  range 
which,  to  distinguish  it  from  the  similarly  situated  range  in  California, 
may  be  called  the  Oregon  Coast  Range.  This  consists  chiefly  of 
rather  soft  sandstones  carrying  fossil  shells  from  which  it  has  been 
determined  that  the  sands  were  deposited  in  the  sea  during  early 
and  middle  Tertiary  time.  Lavas  associated  with  these  rocks  show 
that  volcanoes  were  active  in  this  region  in  early  Tertiary  time. 
These  rocks  are  no  longer  in  the  original  horizontal  position  in  which 
they  were  deposited  but  have  been  crumpled  by  pressure.  Moreover, 
in  some  places  they  have  been  traversed  by  long  cracks  or  fissures, 
and  the  rocks  on  one  side  of  a  crack  have  been  shoved  past  the  rocks 
on  the  other  side.  The  geologist  would  describe  these  effects  briefly 
by  saying  that  the  beds  have  been  folded,  fractured,  and  faulted. 

South  of  the  Oregon  Coast  Range,  partly  in  Oregon  but  chiefly  in 
California,  are  the  Klamath  Mountains.  They  are  composed  of  rocks 
that  are  older  and  more  complicated  in  structure  than  those  of  the 
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Oregon  Coast  Range  and  are  closely  related  in  materials  and  in 
structure  to  the  Sierra  Nevada.  The  Klamath  Mountains  extend 
south-southeastward  into  California  for  150  miles  and  overlap  to  the 
east  for  80  miles  the  north  end  of  the  California  Coast  Ranges. 

The  California  Coast  Ranges  extend  southward  for  more  than  600 
miles  to  the  vicinity  of  Point  Conception,  where  the  coast  turns 
sharply  eastward  along  the  Santa  Barbara  Channel.  They  consist 
of  rocks  of  great  variety  of  character  and  of  widely  different  geologic 
ages.  Their  structure  also  is  exceedingly  complex.  The  most 
abundant  rocks  were  formed  in  the  Tertiary,  Cretaceous,  and  perhaps 
Jurassic  periods.  Most  of  these  rocks  were  deposited  as  sediments 
on  a  sea  bottom,  but  associated  with  the  rocks  so  formed  are  in  places 
layers  of  lava  or  masses  of  igneous  rock,  which  were  forced  in  molten 
condition  into  the  sedimentary  rocks.  All  have  been  folded  and  faulted 
at  several  periods.  Finally  erosion,  or  the  action  of  moving  water, 
in  the  form  of  rain,  streams,  and  waves,  aided  by  the  crumbling  effect 
of  weather,  carved  out  the  hills  as  they  now  appear.  The  resulting 
forms  reveal  to  one  skilled  in  their  interpretation  some  indication  of 
the  complexity  of  the  underlying  rock  structure. 

At  their  south  end  the  Coast  Ranges  meet  another  set  of  ranges, 
which  have  a  more  easterly  trend  than  the  Coast  Ranges  proper  and 
do  not  fall  readily  into  the  general  threefold  division  of  the  Pacific 
System  of  mountains  that  is  so  clearly  recognizable  farther  north. 
The  suggestion  has  been  made  that  these  mountains  should  be  dis- 
tinguished from  the  Coast  Ranges,  with  which  they  have  commonly 
been  included,  by  designating  them  the  Sierras  de  los  Angeles,  from 
the  city  of  Los  Angeles.  Well-known  individual  ranges  classed  in 
this  group  are  the  Santa  Ynez,  San  Gabriel,  and  San  Bernardino. 

Along  the  east  side  of  the  Pacific  valley  belt  stretch  two  great 
ranges — the  Cascade  Range  on  the  north  and  the  Sierra  Nevada  on 
the  south.  The  Cascade  Range  begins  a  few  miles  north  of  the 
boundary  between  Washington  and  British  Columbia  and  continues 
southward  for  650  miles  to  the  vicinity  of  Mount  Shasta  in  California. 
It  has  a  foundation  of  granite  and  of  sedimentary  rocks,  such  as  sand- 
stone and  shale,  ranging  in  age  from  Carboniferous  to  Miocene.  Some 
of  the  sedimentary  rocks  and  some  associated  igneous  rocks  have  been 
changed  by  heat  and  pressure  into  crystalline  laminated  rocks  known 
as  schists.  From  Mount  Rainier  southward  the  rocks  just  men- 
tioned are  buried  to  an  increasing  extent  under  lavas  which  probably 
flowed  from  many  vents  at  different  times.  The  volcanic  cones,  such 
as  Shasta,  Hood,  and  Rainier,  which  form  striking  features  of  the 
Cascades,  represent  a  comparatively  late  stage  of  volcanic  activity 
and  have  been  piled  up  on  a  preexisting  mountain  range. 

The  Sierra  Nevada,  which  continues  southward  the  general  line  of 
the  Cascade  Range,  is  of  somewhat  different  structure  and  history.     It 
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is  a  great  inclined  block  350  miles  long  and  80  miles  wide,  with  a  gentle 
slope  to  the  west  and  an  abrupt  descent  on  the  east  to  the  deserts  of 
Nevada.  This  abrupt  descent  marks  a  line  of  faults,  east  of  which 
the  desert  country  has  gone  down  and  west  of  which,  to  some  extent, 
the  Sierra  Nevada  has  gone  up.  The  Sierra  Nevada  consists  of  a 
great  irregular  mass  of  granite  which  in  early  Cretaceous  time  was 
intruded  in  a  molten  condition  into  sedimentary  and  older  igneous 
rocks,  both  of  which  sets  of  rocks,  in  consequence  of  the  heat  and 
squeezing  which  accompanied  this  intrusion,  were  changed  in  part 
to  schists  and  slates.  After  the  range  had  been  deeply  worn  down 
by  erosion,  floods  of  lava  were  poured  over  the  surface  in  Tertiary 
time  and  the  range  was  tilted  up  to  its  present  general  form.  That 
form,  however,  has  been  much  modified  in  detail  by  comparatively 
recent  erosion  and  by  the  canyon  cutting  of  the  present  streams. 

South  of  the  Dominion  of  Canada  three  rivers,  the  Columbia, 
the  Klamath,  and  the  Pit,  flow  across  the  Pacific  System  from  the 
interior  plateaus  to  the  ocean.  Other  large  streams,  such  as  the 
Willamette,  in  Oregon,  and  the  Sacramento  and  San  Joaquin,  in 
California,  flow  northward  or  southward  for  many  miles  in  one 
or  another  of  the  longitudinal  depressions  of  the  Pacific  valley  belt 
before  turning  westward  across  the  western  line  of  mountains  to 
reach  the  Pacific. 

The  valley  belt  is  the  great  agricultural  region  of  the  Pacific  coast, 
and  in  Washington  and  Oregon,  owing  partly  to  its  accessibility  to 
ocean-going  ships  by  way  of  Puget  Sound  and  the  Columbia,  it  con- 
tains most  of  the  population.  In  California,  however,  the  broad 
fields,  orchards,  and  vineyards  traversed  by  the  Sacramento  and 
San  Joaquin  are  rivaled  by  the  many  smaller  but  fertile  valleys  of 
the  Coast  Ranges.  The  superb  harbor  of  San  Francisco  sufficiently 
accounts  for  the  situation  of  the  metropolis;  and  the  rapid  growth 
of  Los  Angeles,  the  second  city  in  the  State,  is  due  to  a  combination 
of  shipping  advantages  with  highly  profitable  kinds  of  agriculture 
and  extensive  resources  in  petroleum. 


Notr. — For  the  convenience  of  the  traveler  the  sheets  of  the  route  map  in  this 
book  are  so  arranged  that  he  can  unfold  them  one  by  one  and  keep  in  view  the  one  to 
which  the  text  he  is  reading  relates.  A  reference  is  made  in  the  text  to  each  sheet 
at  the  place  where  it  should  be  so  unfolded,  and  the  areas  covered  by  the  sheets  are 
shown  on  Plate  I.  A  list  of  these  sheets  and  of  the  other  illustrations,  showing  where 
each  one  is  placed  in  the  book,  is  given  on  pages  137-138.  A  glossary  of  geologic 
term?  is  given  on  pages  133-136  and  an  index  of  stations  on  pages  139-142. 
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ITINERARY. 

SHASTA  ROUTE. 
SEATTLE  TO  SAN  FRANCISCO. 

On  May  11,  1792,  Capt.  Robert  Gray,  of  Boston,  anchored  in  the 
great  river  that  he  named  Columbia,  in  honor  of  his  ship,  and  laid 

the  foundation  of  our  subsequent  claim  to  the  region 
Washington.  which   it   drains.    The   Hudson's   Bay   Co.,   whose 

agents  early  visited  the  extreme  Northwest,  discour- 
aged settlers,  but  at  Tumwater,  near  Olympia,  at  the  head  of  Puget 
Sound,  a  permanent  American  settlement  was  established  in  1845. 
Marcus  Whitman  and  other  missionaries  settled  near  the  site  of 
Walla  Walla  in  1836,  but  in  1847  Whitman  and  his  wife  were  killed 
by  the  Indians  and  the  station  was  broken  up.  Conflicting  claims 
between  the  United  States  and  Great  Britain  were  adjusted  by  a 
treaty  July  17,  1846,  which  fixed  the  forty-ninth  parallel  as  the  inter- 
national boundary.  Oregon,  as  all  this  wild  country  was  then  called, 
became  a  Territory  on  August  14,  1848,  and  on  March  2,  1853,  the 
part  of  it  north  of  Columbia  River  was  separated  as  the  Territory  of 
Washington,  which  was  admitted  as  a  State  February  22, 1889.  The 
State  of  Washington  has  an  area  of  69,127  square  miles  and  in  1910 
had  a  population  of  1,141,990. 

The  superb  forests  of  Washington,  illustrated  in  Plate  II,  are  the 
basis  of  its  chief  industries.  Within  it  are  10  national  forests,  a 
national  park,  and  a  national  monument,  which  together  cover  more 
than  one-fourth  of  the  State. 

Coal  is  the  principal  mineral  resource  of  Washington.  In  the  pro- 
duction of  this  fuel  the  State  holds  first  rank  on  the  Pacific  coast,  the 
output  in  1913  having  been  3,877,891  tons,  valued  at  $9,243,137. 
Wheat,  grown  chiefly  in  the  eastern  part  of  the  State,  is  the  principal 
agricultural  product.  Oats  and  barley  are  next  in  importance. 
Western  Washington,  which  has  a  moister  climate  than  the  eastern 
part,  produces  large  crops  of  hay.  The  fruit  industry  is  developing 
rapidly,  apples  in  particular  finding  good  markets  in  the  eastern 
cities  and  abroad.  The  waters  of  the  State  are  full  of  fish,  and  the 
salmon  industry  is  large.  The  high  mountains  and  heavy  rainfall 
insure  abundant  water  power,  which  will  no  doubt  be  increasingly 
utilized. 
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Seattle. 

Elevation  20  feet. 
Population  237,194. 


Seattle  (see  sheet  1,  p.  20),  the  metropolis  of  Washington,  the  com- 
mercial center  of  the  Puget  Sound  country,  and  the  gateway  to 

Alaska,  stands  on  a  neck  of  land  between  Elliott  Bay 
(an  eastern  arm  of  Admiralty  Bay,  Puget  Sound) 
and  the  fresh-water  Lake  Washington,  about  865 
miles  by  steamer  and  957  miles  by  railroad  north  of 
San  Francisco.  Seattle  was  founded  in  1852  and  named  after  a 
Duwamish  Indian  chief.  A  fire  that  destroyed  almost  the  whole  of 
the  business  quarter  in  1889  and  the  financial  depression  of  1893 
retarded  for  a  time  the  growth  of  the  city,  but  the  discovery  of  gold 
in  the  Klondike  region  in  1897  gave  it  a  new  impulse,  as  it  became 
the  shipping  point  for  the  new  gold  fields.  It  is  the  western  terminus 
of  three  railroads  and  has  direct  connections  with  several  others.  Its 
population  has  nearly  trebled  in  10  years,  and  it  is  now  one  of  the 
largest  and  most  progressive  cities  of  the  Pacific  Northwest. 

The  city  is  built  on  a  series  of  terraces,  the  commercial  quarter 
standing  near  sea  level  and  the  better  residential  part  occupying  a 
terrace  about  500  feet  above  the  sea.  From  this  part  of  the  city 
there  are  fine  views  not  only  of  the  Olympic  Mountains  and  Puget 
Sound,  to  the  west,  but  also  of  Lake  Washington  and  Mount  Rainier, 
to  the  east.  The  city  has  an  excellent  salt-water  harbor,  which  is 
being  connected  by  a  ship  canal  with  Lake  Washington,  where  ves- 
sels may  go  into  fresh  water  to  free  their  hulls  of  weeds  and  barnacles. 

The  principal  exports  are  coal,  timber,  hops,  and  fish.  Seattle  is 
the  chief  point  of  entry  from  the  Alaskan  gold  fields,  and  large  quanti- 
ties of  gold  dust  are  brought  to  the  United  States  assay  offices  here. 

The  hills  in  the  lower  part  of  the  city  have  been  leveled  off  by  a 
method  used  in  hydraulic  mining;  in  other  words,  they  have  been 
literally  washed  away  by  powerful  jets  of  water.  (See  PL  XIV,  p.  48.) 
This  method  of  grading  was  feasible  because  the  city  is  built  on  uncon- 
solidated drift  left  by  a  glacier  that  once  occupied  the  basin  of  I'uget 
Sound,  as  described  below  by  W.  C.  Alden.2 


1  The  figures  given  for  population 
throughout  this  hook  are  those  of  the 
United  States  Census  for  1910.  For  places 
that  are  not  incorporated  the  census  fig- 
ures represent  the  population  of  the  elec- 
tion precinct,  township,  or.  other  similar 
unit;  such  figures  are  in  this  book  marked 
with  an  asterisk  (*). 

2  Thousands  of  years  ago,  during  what  is 
variously  termed  the  Great  Ice  Age,  the 
glacial  period,  or  the  Pleistocene  epoch, 
the  northern  part  of  the  North  American 
Continent  was  covered  by  vast  sheets  of 
ice  similar  to  the  great  ice  cap  which  now 


covers  most  of  Greenland.  (See  fig.  1.) 
Although  at  times  the  ice  may  have  coa- 
lesced in  one  vast  sheet  stretching  from 
the  Atlantic  to  the  Pacific  and  from  the 
Arctic  regions  southward  about  to  the  line 
of  Missouri  and  Ohio  rivers,  yet  there  were 
three  distinct  centers  of  accumulation  and 
spreading.  One  of  these  centers  was  on 
Labrador  Peninsula,  one  west  of  Hudson 
Bay,  and  one,  called  the  Cordilleran,  in 
the  mountains  of  western  Canada.  There 
were  also  several  distinct  periods  of  ice 
accumulation,  each  followed  by  a  warmer 
interval  thousands  of  years  in  duration. 
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Lake  Washington,  a  beautiful  sheet  of  water  near  the  eastern 
border  of  Seattle,  is  about  20  miles  long  and  2  to  5  miles  wide  and  is 

entirely  surrounded  by  glacial  drift.     Small  steamers 

that  ply  to  and  fro  on  the  lake  afford  fine  views  of 

the  Cascade  Range. 

Snoqualmie  Falls  (PI.  Ill)  is  270  feet  high  and  more  than  50  feet 

wide  and  is  well  worth  seeing.     It  may  be  reached  by  the  Northern 


Excursions  from 
Seattle. 


during  which  the  ice  is  believed  to  have 
largely  or  wholly  melted  away.  There  is 
evidence  of  at  least  four  of  these  distinct 
stages  of  giaciation,  and  the  last  of  these 
is  known  as  the  Wisconsin  stage. 


tended  southward  from  British  Columbia 
into  the  Puget  Sound  basin.  (See  PI.  I.) 
The  name  Vashon,  from  the  large  island 
between  Seattle  and  Tacoma,  has  been 
applied  by  geologists  to  this  ice  lobe,  the 


Figure  1. — Map  of  North  America  showing  the  area  covered  by  the  Pleistocene  Ice  sheet  at  its  ™^nm 

extension  and  the  three  main  centers  of  ice  accumulation. 


At  a  time  which  probably  corresponds 
to  the  Wisconsin  stage  of  giaciation  east  of 
the  Rocky  Mountains  the  mountains  of 
Washington  were  largely  covered  with  ice, 
and  a  lobe  of  the  Oordilleran  ice  sheet  ex- 


last  of  the  Puget  Sound  glaciers,  and  to 
the  deposits  formed  in  connection  with  it. 
This  glacier  is  believed  to  have  attained 
a  thickness  of  about  2,500  feet.  The  ice 
filled  the  depressions  now  occupied  by 
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Pacific  line  by  way  of  Woodinville,  a  trip  of  54  miles,  or  by  ferry  across 
Lake  Washington  to  Kirkland  and  thence  by  automobile,  a  route 
that,  for  small  parties,  is  generally  preferable.  At  the  falls  Snoqualmie 
River  plunges  over  a  great  mass  of  lava  underlain  by  fossiliferous 
sediments  of  the  Eocene  coal-bearing  formation. 

In  the  immediate  vicinity  of  Squak  Mountain  and  Sammamish 
Lake  there  are  a  number  of  large  channels  cut  and  then  abandoned 
by  streams  from  the  former  glaciers.     They  may  be  reached  by  either 


the  sound,  spread  over  the  elevated  plains 
between  the  valleys,  and  extended  from 
the  foot  of  the  Olympic  Mountains  on  the 
west  to  the  base  of  the  Cascade  Range  on 
the  east.  On  the  south  it  reached  to  and 
covered  much  of  the  plains  south  of 
Olympia.  The  ice  of  this  glacier  was 
probably  coalescent  on  the  east  with  that 
descending  the  slopes  and  valleys  of  the 
Cascades,  to  which  the  name  Osceola 
glacier  has  been  applied  by  geologists. 

These  glaciers,  on  melting,  left  deposits 
of  clay,  sand,  gravel,  and  bowlders  (the 
Vashon  and  Osceola  drift)  on  the  elevated 
tracts  between  and  around  the  troughs  of 
the  sound,  but  the  deep  depressions  were 
unfilled,  so  that  after  the  ice  melted  they 
were  occupied  by  marine  waters. 

This  later  drift  lies  upon  stratified  sands 
and  gravels  (called  the  Douty  gravel,  Pu- 
yallup  sand,  and  Or  ting  gravel)  deposited 
by  waterB  from  the  melting  of  earlier 
glaciers.  Buried  in  these  deposits  are 
beds  of  lignite,  formed  from  vegetation 
that  grew  upon  the  sands  and  gravels. 
These  older  sands  and  gravels  are  in  places 
much  weathered  and  eroded;  they  were 
evidently  exposed  during  a  long  inter- 
glacial  stage  before  they  were  overridden 
and  covered  by  the  deposits  of  the  Vashon 
and  Osceola  glaciers. 

Beneath  all  these  deposits  lies  a  layer 
of  stiff  blue  clay,  mostly  stratified  but  in 
places  showing  no  bedding  and  crowded 
with  subangular  stones  and  large  bowlders. 
This  deposit  (known  to  geologists  as  the 
Admiralty  till)  is  supposed  to  have  been 
formed  at  a  still  earlier  stage  of  glaciation, 
when  the  Puget  Sound  basin  was  occupied 
by  a  lobe  of  the  Cordilleran  ice  sheet,  as  it 
was  later  by  another  lobe  at  the  Vashon 
substage.  Some  phenomena  suggest  that 
glaciers  occupied  the  basin  still  earlier. 


One  view  as  to  the  origin  of  the  deep 
troughs  composing  Puget  Sound  may  be 
stated  briefly  as  follows:  The  Admiralty 
ice  sheet  occupied  and  overflowed  deep 
valleys  which  had  been  cut  when  the  land 
stood  higher.  When  this  ice  melted  the 
hilly  tracts  between  the  valleys  were  un- 
covered first,  and  the  washing  in  of  sand 
and  gravel  leveled  these  up  into  what  are 
now  the  elevated  intervalley  plains .  The 
final  melting  of  the  tongues  of  ice  left  the 
troughs  to  be  occupied  by  marine  water. 
Later  came  the  ice  of  the  Vashon  glacier, 
and  this,  on  melting,  again  left  the  main 
depressions  unfilled. 

According  to  another  view  the  disap- 
pearance of  the  Admiralty  glacier  left  the 
clay,  sand,  and  gravel  spread  in  a  con- 
tinuous sheet  over  the  Puget  Sound  basin, 
burying,  in  large  part,  the  older  valleys 
and  ridges.  Afterward  the  land  rose 
about  1,000  feet  and  streams  cut  deep  val- 
leys in  these  soft  deposits.  Then  the 
basin  was  depressed  about  to  its  present 
level  and  the  ice  of  the  Vashon  and  Os- 
ceola glaciers  filled  the  valleys  and  over- 
topped the  intervening  tracts,  and,  on 
melting,  left  the  area  thinly  mantled  with 
drift  and  the  depressions  unfilled. 

As  the  main  outlet  of  the  Puget  Sound 
basin  is  to  the  north,  ice-dammed  fresh- 
water lakes  were  for  a  time  held  in  the 
troughs  at  each  stage  of  advance  of  the 
ice  front.  When  the  outlet  was  at  last 
opened  the  troughs  were  filled  with 
marine  water,  which  finally  reached  the 
level  at  which  we  now  find  it. 

Marine  shells  found  at  various  levels  up 
to  290  feet  above  tidewater  show  that 
since  the  disappearance  of  the  glacier  of 
the  Vashon  substage  the  basin  has  been 
further  depressed  and  submerged  and 
then  reel eva ted. 
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of  the  routes  just  mentioned  but  are  best  seen  southeast  of  Redmond, 
where  Snoqualmie  River  once  entered  Sammamish  Lake. 

The  United  States  navy  yard  and  huge  dry  dock  at  Bremerton, 
about  20  miles  from  Seattle,  are  easily  reached  by  steamer  across  the 
Sound.  A  trip  to  Hood  Canal  affords  a  close  view  of  the  densely 
forested  Olympic  Mountains.  The  scenic  center  of  this  range  is 
Crescent  Lake,  reached  from  Seattle  by  steamer  to  Port  Angeles,  on 
the  Strait  of  Juan  de  Fuca,  and  thence  by  stage.  West  of  Port  Town- 
send  lighthouse,  which  is  passed  on  this  trip,  is  a  bold  bluff,  175  feet 
in  height,  of  stratified  glacial  sand.  Tertiary  beds  (rich  in  fossils  at 
Clallam  Bay)  are  well  exposed  on  the  southern  shore  of  the  Strait 
of  Juan  de  Fuca.  Crescent  Lake  contains  ten  varieties  of  trout,  of 
which  two  are  unknown  elsewhere.  Mount  Olympus,  12  miles  away, 
may  be  reached  from  this  point  with  pack  outfit.  The  mountain  is  a 
complex  mass  of  metamorphic  sandstone,  shale,  radiolarian  chert, 
glaucophane  schist,  and  greenstone  cut  by  peridotite  serpentine,  a 
series  of  rocks  closely  resembling  what  is  known  as  the  Franciscan 
group  of  the  California  Coast  Ranges. 

Between  Seattle  and  Portland  trains  are  operated  by  the  Northern 
Pacific  Railway,  Southern  Pacific  Co.,  Oregon- Washington  Railroad 
&  Navigation  Co.,  Chicago,  Milwaukee  &  St.  Paul  Railway,  and  Great 
Northern  Railway,  the  tracks  of  all  these  lines  being  near  together. 
The  Shasta  Route  trains  run  over  the  Oregon-Washington  and 
Chicago,  Milwaukee  &  St.  Paul  tracks  from  Seattle  to  Tacoma,  and 
over  the  Northern  Pacific  from  Tacoma  to  Portland. 

On  leaving  Seattle  the  train  first  traverses  made  land,  built  out  into 
Puget  Sound  by  washing  glacial  gravels  through  flumes  from  the 
adjacent  hills.  A  turn  to  the  left,1  2.3  miles  from  Seattle,  brings 
into  view  a  bluff  of  whitish  shales  and  sandstones.  These  rocks 
are  exposed  for  only  a  short  distance  at  this  place,  but  a  mile 
farther  south  they  reappear  in  a  more  prominent  bluff  just  north  of 
Georgetown. 

These  rocks,  which  were  once  sediments  on  a  sea  bottom,  contain 
abundant  fossil  sea  shells  that  indicate  Tertiary  (middle  Oligocene) 

age.     The  exposure  of  the  beds  at  this  place  is 
T?  due  to  their  having  been  arched  up  from  their 

originally  horizontal  attitude.  This  arch,  or 
anticline,  as  geologists  term  it,  may  be  traced,  as 
shown  on  the  map,  from  Bainbridge  Island  southeastward  to  and 
beyond  Lake  Washington. 

Some  greenish  rocks  that  form  a  bluff  on  the  left  are  composed 
largely  of  fragments  of  volcanic  material.    These  beds  are  fossilif- 


Elevatkm  90  feet. 
Seattle  3  miles. 


1  Unless  clearly  otherwise  intended, 
the  words  right  and  left  as  used  in  thifl 
bulletin  refer  to  the  sides  of  the  railway 


track  as  they  appear  to  a  traveler  facing 
the  engine  in  going  from  Seattle  to  San 
Francisco. 
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erous  near  the  wagon-road  bridge  at  Steels  Crossing.  They  belong 
to  the  principal  coal-bearing  formation  of  Washington,  presently  to 
be  described,  and  are  associated  with  lavas.  At  Steels  Crossing  the 
railroad  enters  the  coal  field  of  western  Washington,  the  largest  in 
the  State.  The  productive  portions  of  the  field,  however,  are  miles 
away,  northeast  and  southeast  of  this  point,  about  Newcastle  and 
Issaquah,  Black  Diamond  and  Franklin,  Wilkeson  and  Carbonado. 
The  field  contains  many  coal  beds,  three  or  four  of  which  have  been 
mined,  in  places  to  a  depth  of  2,000  feet.  The  coal  ranges  from 
low-grade  subbituminous  to  anthracite  but  is  mainly  subbituminous 
and  bituminous.  Coking  coals  occur  at  a  number  of  localities  and 
are  worked  in  the  Wilkeson  region.  They  are  the  only  coals  coked 
commercially  on  the  Pacific  coast. 

The  fossil  plants  that  are  associated  with  the  coal  and  that  repre- 
sent the  vegetation  from  which  the  coal  was  formed  contrast  strongly 
with  the  plants  of  this  region  to-day.  In  the  present  forest  conifers 
are  dominant  in  size  and  number,  but  in  the  forests  of  the  Eocene 
coal  period  conifers  were  few  and  palms  and  deciduous  trees  were 
abundant.  No  palms  now  grow  wild  within  a  thousand  miles  of  the 
Puget  Sound  region,  so  the  climate  here  during  the  coal  period  must 
have  been  very  unlike  that  of  to-day.  The  coal-bearing  rocks  crop 
out  at  intervals  along  the  western  base  of  the  Cascade  Range  from 
the  international  boundary  on  the  north  to  the  Columbia  on  the 
south. 

The  railroad  crosses  Black  River,  the  outlet  of  Lake  Washington, 
at  Black  River  Junction,  from  which  branch  lines  lead  to  the  New- 
castle, Renton,  and  Black  Diamond  coal  fields. 
Black  River  Junction.     The  mine  &fc  Renton  ig  oniy  2  miles  to  the  east 

Elevation  39  feet.  (left)  of  Black  River  Junction.     Two  beds  are 

Seattle  10  miles.  mined  here.     The  thicker  one  is  2  feet  8£  inches 

thick  and  inclines  or  dips  southeastward  at  an 
angle  of  12°.     The  coal  is  subbituminous. 

From  Seattle  to  Tacoma  the  railway  follows  a  broad  valley  in 
glacial  drift  which  forms  the  bluffs  on  both  sides.  This  valley,  which 
is  continuous  from  Duwamish  River  to  the  Puyallup,  was  left  by 
the  melting  of  the  ancient  glacier  as  one  of  the  intricate  series  of  de- 
pressions now  occupied  in  part  by  Puget  Sound.  It  was  later  partly 
filled  with  silt,  sand,  and  gravel  by  the  mountain  streams.  White 
River,  which  enters  the  valley  on  a  low  deposit  of  gravel  and  sand 
which  it  has  itself  built  up  south  of  Auburn,  separates  on  this  sloping 
deposit,  or  alluvial  cone,  into  two  streams.  One,  which  retains  the 
name  White  River,  flows  northward  into  the  Duwamish,  and  the 
other,  called  Stuck  River,  turns  to  the  south  and  joins  the  Puyallup. 
This  division  of  a  stream  on  the  sloping  surface  of  its  own  deposits 
tells  the  story  of  a  long  period  of  successive  floods  carrying  heavy 
loads  of  gravel  and  sand  into  this  old  depression.     The  later  floods 
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have  spread  over  the  valley  the  fine  silt  to  which  its  remarkable  fer- 
tility is  due.    A  generalized  section  of  the  valley  is  shown  in  figure  2. 
The  dominant  industry  in  the  vicinity  of  Kent  is  dairying,  and 
herds  of  Holstein  cattle  may  be  seen  in  the  fields.     There  are  con- 
densed-milk factories  at  Kent  and  Auburn,  and  the 
two  have  a  combined  average  daily  output  of  about 
96,000  cans,  or  25  carloads.    The  red-berried  elder 
(Sambucus  callicarpa),   a  showy  shrub  in  June,   is 
likely  to  attract  the  traveler's  attention  along  this 
part  of  the  route.    On  the  left,  a  mile  away,  is  the 
bluff  of  the  great  gravel  pit  of  the  Northern  Pacific 
Railway,  which  shows  the  structure  of  the  ancient 
delta  of  Green  River.    Near  the  pit  are  the  Northern 
Pacific  transfer  yards,  containing  37  miles  of  track. 
On  the  east  (left)  side  of  the  valley,  3  miles  northeast  of  Sumner, 
is  the  power  plant  of  the  Puget  Sound  Light  &  Traction  Co.,  where 
rater  drawn  from  Lake  Tapps,  on  the  upland  a  few  miles  to  the 
southeast,  develops  80,000  horsepower. 


Kent. 

fipvatkra  40  feet 
Population  1,90ft. 
Seattle  17  miles. 


Auburn. 

Elevation  74  feet. 
Population  967. 
Seattle  22  miles. 
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Fiourk  2.— Generalized  section  of  White  River  valley  at  Kent,  Wash.,  showing  alluvium-filled,  depression 
in  glacial  deposits,  including  (a)  Vashoa  drift,  (ft)  Orting  gravel,  (c)  Admiralty  drift,  and  (rf)  deposits 
of  present  stream. 


Sumner. 

Elevation  70  feet. 
Population  892. 
Seattle  29  miles. 


As  Sumner  is  approached  a  yeast  factory  can  be  seen  on  the  left. 

On  the  right,  near  the  station,  is  the  gravel  pit  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railway,  which 
population  892.  shows  the  general  composition  of  the  gravel  cliffs  in- 

closing the  valley. 
The  Sumner  and  Puyallup  country,  once  noted  for  its  hops,  is  now 
better  known  for  its  fresh  and  canned  fruit,  especially  raspberries 
and  blackberries.  Here  the  Cuthbert  red  raspberry  reaches  perfec- 
tion and  is  grown  in  enormous  quantities.  The  Puyallup  &  Sumner 
Fruit  Growers'  Association,  consisting  of  1,400  growers,  has  its  own 
refrigerating  plant  and  in  1913  shipped  600  cars  of  fresh  fruit  to  the 
eastern  markets. 

Puyallup  is  the  home  of  Ezra  Meeker,  a  pioneer  who  in  1852  with 
an  ox  team  crossed  the  plains  and  mountains  to  Puget  Sound.  In 
Pnvaii  1Q0&  he  returned  by  the  same  means  of  conveyance 
from  Puyallup  to  New  York  City,  marking  the  Oregon 
Trail  at  many  points  by  monuments.  The  brilliant 
yellow  flowers  of  the  gosmore,  or  cat's  ear  (Hypocliseris  radicata)f  a 
near  relative  of  the  dandelion,  abound  by  the  wayside.  At  North 
Puyallup,  with  its  berry  farms,   the  railroad  enters  the  Puyallup 


Seattle  31  miles. 
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Indian  Reservation  and  crosses  the  valley.  As  Taooma  is  approached 
the  Indian  School  for  Trades  may  be  seen  on  the  left. 

Tacoma  is  the  western  headquarters  and  the  official  tidewater 
terminus  of  the  Northern  Pacific  Railway.    It  is  beautifully  situated 

on  a  series  of  terraces  rising  about  300  feet  above  the 
Tacoma.  head  of  Commencement  Bay,  the  southeast  arm  of 

Population  83,743.  Puget  Sound,  and  commands  fine  views  of  the  Sound, 
settle 4i  miles.         the  Casca(je  Mountains,  and  the  white  cone  of  Mount 

Rainier  (PI.  IV,  A).  Its  industrial  establishments  include  a  lead 
smelter  and  refinery,  large  sawmills,  furniture  factories,  foundries, 
railway  shops,  and  flour  mills.  Tacoma  carries  on  an  extensive  com- 
merce in  grain,  lumber,  coal,  tea,  silk,  and  other  articles.  In  the 
courthouse  is  the  Ferry  Museum,  which  contains,  among  other  things, 
an  interesting  collection  of  Indian  baskets,  domestic  utensils,  canoes, 
and  implements  of  hunting  and  war. 

Tacoma  is  a  subport  of  entry  (Port  Townsend  is  the  official  port) 
and  is  second  only  to  San  Francisco  in  the  volume  of  its  foreign 
trade.  It  has  an  excellent  harbor  and  25  miles  of  water  front,  and 
from  it  transoceanic  steamship  lines  run  to  Japan  and  China,  to 
the  Philippines  and  Hawaii,  and  to  London  and  Glasgow. 

Capt.  George  Vancouver  visited  the  site  of  Tacoma  in  1792,  and 
Lieut.  Charles  Wilkes  surveyed  it  on  his  exploring  expedition  in  1841. 
Gen.  Morton  Matthew  McCarver  founded  the  present  city  in  1868. 
It  was  at  first  called  Commencement  City,  but  fortunately  the  name 
was  later  changed  to.  Tacoma,  an  Indian  word  meaning  "big  snow 
mountain,,  and  referring  to  Mount  Rainier. 

The  principal  excursions  from  Tacoma  go  to  Mount  Rainier,  which 

is  reached  either  from  the  northwest  by  way  of  the 
Exeunt  from  Wilkeson  coal  field  or  from  the  south  by  way  of  Long- 
mire  Springs  and  Paradise  Park. 

The  great  naturalist  John  Muir  has  justly  termed  the  mountain 
parks  "fountains  of  life.7'  Appreciation  of  the  beautiful  in  nature 
should  become  more  and  more  an  American  characteristic,  and  in 
these  days  of  national  stock  taking  we  do  well  to  inventory  as  part 
of  the  nation's  wealth  its  resources  in  wild  scenery. 

The  Mount  Rainier  National  Park  is  unique  in  possessing  the 
wildest  of  mountain  scenery  almost  at  the  gates  of  two  large  cities. 
Less  than  half  a  day's  travel  by  rail  and  stage  from  Tacoma  brings 
the  visitor  to  the  hotel  at  Longmire  Springs,  well  within  the  park, 
and  the  perfectly  graded  Government  road  enables  him  to  reach  the 
lower  end  of  the  Nisqually  Glacier.  Just  beyond  is  Paradise  Park, 
where  a  tent  hotel  affords  accommodations  amid  beautiful  surround* 
ings  at  the  starting  point  for  the  ascent  of  the  mountain. 


1,  WASH,,  FROM  SPANAWAY  LAKE, 


B.     PARADISE  PARK.  ON  SOUTH  SLOPE  OF  MOUNT  RAINIER, 


OCEAN  SPRAY  (SERICOTHECA  DISCOLOR),  A  COMMON  FLOWER  IN  WASHINGTON. 
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Mount  Rainier  is  the  noblest  of  the  peaks  that  overlook  our  Pacific 
coast.  It  attains  an  elevation  of  14,408  feet  and  is  the  highest 
peak  of  the  Cascade  Range.  like  Fujiyama  in  Japan  and  Shishaldin 
in  Alaska,  it  rises  majestically  with  the  graceful  lines  that  proclaim 
its  volcanic  origin.  Its  base  is  set  in  the  green  of  the  wonderful 
Puget  Sound  forest,  and  its  snowy  cone  merges  into  the  clouds,  to 
which  it  appears  to  belong  rather  than  to  the  earth.  From  this  cone 
a  score  of  radiating  glaciers,  the  largest  in  the  United  States,  extend 
down  the  gashed  slopes  into  the  forest  below,  where  they  give  rise 
to  rushing,  roaring  rivers  of  milk-white  water.  Over  25  years  ago 
James  Bryce,  later  British  ambassador  to  this  country,  and  Karl 
von  Zittel,  the  well-known  German  geologist,  visited  Mount  Rainier, 
and  in  a  report  expressed  the  hope  that  this  peak  might  be  reserved 
as  a  national  park.  It  is  gratifying  to  Americans  to  know  that  these 
experienced  and  discriminating  travelers  said  that  they  had  seen 
nothing  "more  beautiful  in  Switzerland  or  Tyrol,  in  Norway,  or  in 
the  Pyrenees  than  the  Carbon  River  glaciers  and  the  great  PuyaJlup 
glaciers." 

In  Paradise  Park  (PL  IV,  B),  or  in  some  other  sylvan  retreat  on 
the  lower  slopes  of  Mount  Rainier,  whoever  is  weary  of  iho  city  may 
find  true  recreation.  All  about  are  bright  flowers,  which  throughout 
the  summer  follow  the  retreating  snowbanks  in  a  succession  of  gar- 
dens wherein  nature  displays  a  profusion  of  bloom  alongside  of  ice 
and  snow.  Below  are  the  forests,  dark  and  almost  silent,  except 
where  their  stillness  is  broken  by  the  raucous  cry  of  the  Clark  crow 
or  where  some  stream  roars  over  the  bowlders  or  splashes  musically 
among  the  ferns.    Above  all  looms  the  peak,  clad  in  eternal  snow. 

The  volcanic  cone  of  Mount  Rainier  has  been  built  up  by  lava 
erupted  through  past  ages.  Although  it  is  practically  extinct,  its 
crater  still  gives  forth  steam  and  sulphurous  fumes.  The  form  of  the 
cone  has  been  modified  by  the  destructive  work  of  glaciers,  which  have 
cut  deep  grooves  into  the  mountain  sides,  and  of  avalanches,  whose 
occasional  thunder  testifies  to  the  continued  attack  of  atmospheric 
agencies. 

Mountain  goats,  marmots,  and  ptarmigan  constitute  the  fauna  of 
the  mountain. 

To  avoid  some  heavy  grades  the  Northern  Pacific  Co.,  by  tunneling 
Point  Defiance  and  continuing  thence  by  way  of  Steilacoom,  has 
recently  built  a  new  line  from  Tacoma  to  Tenino,  commonly  known  as 
"the  loop,"  thus  enabling  the  traveler  to  enjoy  some  coast  scenery. 
This  line  is  6  miles  longer  than  the  old  line,  but  the  easier  grades  offset 
the  difference  in  distance.  From  Tacoma  the  new  line  follows  the 
shore  northwestward  for  4  miles,  past  the  flour  and  saw  mills  to  the 

96286°—Bull.  S14— 15 2 
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lead  smelter,  affording  a  good  view  of  Commencement  Bay  and  of  the 
harbor  of  Tacoma  on  the  right.  In  the  bluffs  on  the  left  rudely  strati- 
fied cross-bedded  sand  and  gravel  (Puyallup  substage)  rest  at  several 
points  on  evenly  stratified  clays  and  fine  sands  with  local  pockets 
of  gravel  and  bowlders  of  the  earlier  (Admiralty)  stage  of  glaciation. 
The  first  good  example  is  on  the  left,  2  miles  from  the  Tacoma  union 
station,  where  an  arch  of  the  clay  beds  brings  them  plainly  into  view, 
as  shown  in  figure  3. 

Four  miles  from  Tacoma,  near  the  smelter  tunnel,  on  the  left,  is  a 
deep  clay  pit  exposing  the  same  formations  in  the  same  relative  posi- 
tion, but  just  beyond,  at  the  entrance  of  the  main  tunnel,  there  are  on 
both  sides  of  the  cut  beds  of  well-stratified  clay  and  fine  sand  with 
patches  of  gravel  lapping  up  over  irregularly  stratified  and  cross- 
bedded  sand  and  gravel.  The  tunnel  is  4,400  feet  in  length  and  275 
feet  in  greatest  depth.     In  excavating  it  no  hard  rocks  were  cut,  but 

a  large  tooth,  probably  of  a  mastodon,  and 
traces  of  coaly  material  were  found  in  sand 
associated  with  gravel. 

Fioube  3.— Section  of  bluff  2  miles  xr»  ,1  .  .    -i    .,       ^  i  ,1 

EorthofawtionatTacoma.WMh..        From  the  west  portal  the  run  along  the 
showing (a)anarehofflneiystrati-    shore  for  15  miles  affords  splendid  views  of 

XX^Z^C*,    the  Narrows  and  the  Olympic  Range  be- 

irregularly  stratified  gravel  and      yond.     Puget  Sound  has  1 ,750  miles  of  shore 
sand  of  the  Puyallup  substage.  ^ ^  ^^  shelving  beftch?  preCipitOUS  cliffs, 

and  dense  forests,  affording  some  of  the  most  beautiful  inland  water 
views  in  America.  The  seepage  of  much  water  in  many  places  along 
a  line  about  120  feet  above  low  tide  marks  the  contact  of  stratified 
clays  and  overlying  gravel  and  causes  the  railway  much  trouble  from 
slides. 

As  Steilacoom  is  approached  the  traveler's  attention  is  likely  to  be 
attracted  by  the  pits  on  the  left,  from  which  large  quantities  of  gravel 
are  loaded  on  scows  for  shipment  to  Tacoma  and  Seattle.  The  loading 
is  done  by  an  application  of  the  hydraulic  method,  first  devised  in 
placer  mining.  The  gravels  as  exposed  in  the  pits  show  distinctly  the 
double  set  of  bedding  planes  characteristic  of  delta  deposits,  namely, 
a  scries  of  beds  that  dip  rather  steeply  in  the  direction  of  the  river's 
flow  (foreset  beds),  overlain  by  a  series  of  nearly  horizontal  layers 
(topset  beds).  The  delta  was  built  out  into  Lake  Russell  while  the 
Puget  Sound  glacier  was  melting. 

Steilacoom  is  one  of  the  oldest  settlements  in  the  western  part  of 
the  State.    A  monument  placed  here  in  1908  marks  the  site  of  the 

first  Protestant  church  building  erected  north  of  the 
Steilacoom.  Columbia.     It   was   built   in    1853.     Scotch   broom 

Population  430.  (Genista  scoparia) ,  which  has  been  introduced  into 

Seattle  60  miles.  .  .  .  *  ' 

this  region,  flourishes  about  Steilacoom,  and  its  bright 
yellow  blossoms  form  a  pleasing  feature  of  the  landscape. 
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Beyond  Ketron  the  water  view  widens.  The  horizontally  stratified 
sands  and  gravels  that  have  been  the  prevalent  material  along  the 

railway  for  miles  are  well  developed  and  within  view 
on  Ketron  and  Anderson  islands.  The  dark-spotted 
*""  rock  used  to  protect  the  railroad  embankment  from 
the  southwest  storms  of  winter  comes  from  the  vicinity  of  Bremerton 
and  contains  a  few  fossil  shells.  Porpoise3,  seals,  and  even  whales 
may  occasionally  be  seen  in  this  part  of  the  Sound.  A  whale  stranded 
near  Steilacoom  in  1912.  At  the  mouth  of  Sequalitcher  Creek  are  the 
wharf  and  power  house  of  the  Dupont  powder  works,  which  are  just 
out  of  sight  on  the  left.  The  f oreset  bedding  of  the  old  delta  gravels 
is  well  shown  for  3  J  miles  along  this  portion  of  the  route.  These 
gravels  are  succeeded  abruptly  at  22.1  miles  from  Tacoma  by  well- 
exposed  stratified  clays  (Admiralty)  overlain  by  stratified  gravels. 

At  the  mouth  of  Nisqually  River  a  strip  of  the  present  delta  nearly 
a  mile  wide  is  alternately  covered  and  left  bare  by  the  tides.     Three 

miles  up  the  river  valley  is  Nisqually  station,  where 
Nisqually.  ^he  main  Jine  jg  crossed  by  the  Grays  Harbor  branch 

Population  497  *         0f  the  Northern  Pacific,  leading  to  Olympia,  the  State 

capital,  and  beyond  to  the  coast.  From  Olympia 
another  branch  runs  through  Tumwater,  the  oldest  American  set- 
tlement in  Washington,  which  marked  the  end  of  the  Oregon  Trail. 

Near  Nisqually  station  there  is  a  small  terminal  moraine  left  by 
the  receding  front  of  the  Puget  Sound  glacier.  South  of  Nisqually 
River  are  delta  gravels  which  were  deposited  by  a  former  stream  on 
the  great  outwash  plains  left  by  the  melting  glacier.  These  gravels 
are  well  exposed  in  the  railway  cut.  Near  the  Nisqually  are  obtained 
some  of  the  best  forest  views  on  the  route.  Almost  all  the  lands  of 
the  Seattle-Tacoma  region  except  the  cultivated  river  valleys  are  still 
forested.  The  dominant  forest  tree  is  the  red  fir,  which  covers  fully  90 
per  cent  of  the  heavily  timbered  area,  in  places  with  a  stand  so  dense 
that  the  sun  can  scarcely  penetrate  to  the  soil.  In  a  narrow  strip 
along  the  coast  the  dominant  species  is  the  Sitka  or  tideland  spruce. 
In  the  bottom  lands,  mainly  river  valleys,  the  conspicuous  trees  or 
shrubs  are  the  red  cedar,  giant  cedar,  white  fir,  large-leaved  maple, 
Oregon  ash,  cottonwood,  western  dogwood,  vine  maple,  crab  apple,  va- 
rious willows,  deviVs-club,  and  salmon  berry.  On  the  gravelly  plains 
may  be  seen  the  only  species  of  oak  growing  in  the  State,  the  black  pine, 
and  from  spring  until  the  middle  of  July  a  carpet  of  brilliant  flowers. 

The  material  of  the  terminal  moraine  southeast  of  Olympia  is  best 
exposed  in  the  area  surrounding  Patterson  Lake.     The  railway  cuts 

are  not  deep,  however,  and  are  therefore  not  very 

"  satisfactory    to    the   geologic    observer.     The    open 

**"  prairies  on  the  glacial  outwash  plain  (that  is,  the 

plain  formed  by  gravel  washed  from  the  front  of  the  glacier)  begin 

near  Kyro.    They  present  a  sharp  contrast  with  the  dense  forests 
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around  them  and  are  probably  due  to  some  peculiarity  of  soil  or 
drainage  that  is  unfavorable  to  forest  growth.  Several  miles  beyond 
is  Chambers  Prairie,  which  is  2  miles  north  of  the  railroad  station  of 
the  same  name.  (See  sheet  2,  p.  24.)  From  this  prairie  excellent 
views  may  be  obtained  of  Mount  Rainier,  in  the  rear,  to  the  left, 
and  of  the  Black  Hills,  ahead,  to  the  right.  Just  before  Plumb  is  ^ 
reached  there  is  another  fine  view  of  Mount  Rainier,  across  a  meadow.    I 

At  milepost  38  the  railway  enters  Rocky  Prairie,  1 
which  is  notable  for  its  curious  mounds.  The  origin 
of  these  mounds  has  been  fully  discussed  by  Prof.  J.  H. 
Bretz,  of  the  University  of  Chicago,  who  concludes  that  they  are  not 
the  result  of  erosion,  as  some  have  thought,  but  that  the  gravel  of 
which  they  are  composed  was  deposited  in  hummocks.  Similar 
mounds  are  abundant  on  some  other  prairies. 

After  traversing  another  belt  of  terminal  moraine  and  of  hills 
composed  largely  of  Tertiary  shales  the  railway  enters  Tenino,  which    ^ 

stands  near  the  end  of  a  projecting  spur  of  the  Cas- 

Tenino.  ca(je  Range#    (^  the  right,  near  the  station,  is  a 

Elevation  280  feet.       quarry  of  a  sandstone  that  is  widely  known  to  builders 

Seattle  87  miles  via  in  the  Northwest  as  the  "Tenino  sandstone."     It  is 

piumb;  si  miles  via  generally  fine  grained,   well  cemented,    and   easily 

worked,  and  has  the  valuable  property  of  hardening 
after  being  quarried.  The  high  school  and  Trinity  Church  in  Seattle 
are  built  of  this  sandstone.  The  rock  is  of  Eocene  age.  About  a 
mile  north  of  Tenino,  near  the  old  line  of  the  Northern  Pacific,  is  a 
large  quarry  in  the  same  sandstone,  from  which  the  Government  has 
obtained  rock  for  the  Grays  Harbor  jetty. 

The  Puget  Sound  glacier,  of  the  Vashon  substage,  is  believed  to 
have  had  its  southern  boundary,  at  its  time  of  greatest  extension, 
near  the  line  where  the  prairies  end  against  the  timbered  hills  south 
of  the  town.  There  is,  however,  no  terminal  moraine  marking  this 
limit  for  some  miles  east  or  west  of  Tenino. 

At  Tenino  the  railway  is  joined  by  the  old  line  of  the  Northern 
Pacific  from  Tacoma.  This  line  passes  through  much  prairie  coun- 
try on  the  great  outwash  gravel  plain  formed  by  the  melting  of  the 
Puget  Sound  glacier.  A  few  miles  north  of  Hillhurst  and  at  Yelm 
the  traveler  may  enjoy  fine  views  of  Mount  Rainier. 

As  Bucoda  is  approached  the  valley  widens.  The  railway  crosses 
Skookumchuck  River  (the  name  is  Chinook  for  "strong  water")  and 
B  ^.  runs  between  bluffs  of  coal-bearing  Eocene  sandstone 

on  the  left  and  the  river  on  the  right.  Just  south  of 
population  855.«  Hannaford  Creek  the  beds  in  the  bright-red  cliff  on 
Seattle  84  miies.t        t^Q  \ef t  stan(i  vertical.    The  brilliant  colors  have  the 

effect  of  a  burned  coal  bed.    Waters  flowing  from  the  Puget  Sound 

1  Distances  by  the  old  line  are  given  for  stations  beyond  Tenino,  and  to  get  the 
distance  actually  traveled  from  Seattle  by  the  new  line  6  miles  should  be  added. 
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glacier  found  an  outlet  down  this  valley  as  far  as  Centralia  and 
thence  went  northwestward  by  way  of  the  Chehalis  River  valley. 

Centralia,  about  a  mile  above  the  mouth  of  the  Skookumchuck,  is 
an  important  railway  junction  and  the  center  of  a  large  lumber 

industry.  The  town  is  also  becoming  a  coal-mining 
Centralis.  center,  and  much  attention  is  given  to  dairying  and 

Elevation  188  feet.       to  the  growing  of  small  fruits,  especially  strawberries. 
^ttieMndto!"        The  coal-bearing  rocks,  of  Eocene  age,  lie  east  of  the 

town.  The  beds  to  the  west  (Astoria  shale)  are  Oli- 
gocene,  and  are  succeeded  by  still  younger  formations  toward  the 
coast. 

Below  Centralia  the  Skookumchuck  enters  the  broad  valley  of  the 
Chehalis,  a  river  which  drains  a  section  of  the  Cascade  Range  and 
flows  across  the  Coast  Range  to  the  Pacific  at  Grays  Harbor.  Two 
railway  lines,  a  branch  of  the  Northern  Pacific  and  a  line  of  the 
Oregon-Washington  Railroad  &  Navigation  Co.,  connect  Centralia 
with  the  coast  by  way  of  Chehalis  Valley. 

Chehalis  is  the  center  of  a  large  dairying  district  and  has  a 
condensed-milk  factory.    A  branch  line  runs  west  from  this  place  to 

South  Bend.  The  State  Training  School  stands  on 
Chehalis.  a  terrace  formed  by  gravel  with  soft  decomposed 

Elevation  188  feet.       pebbles,  which  is  well  exposed  in  several  street  cut- 
seatSe  95  mi!*L         tings  a  f  ew  blocks  west  of  the  railway  station  and 

at  many  other  points  farther  down  Chehalis  River, 
especially  at  Satsop.  These  gravels  were  deposited  during  the  early 
part  of  the  Pleistocene  epoch  by  the  floods  from  the  melting  glaciers. 

South  of  Chehalis  the  river  is  joined  by  Newaukum  River.  The 
valley  at  their  confluence  is  broad  and  fertile  and  contains  many 
thriving  farms,  chiefly  on  the  left.  A  group  of  yellow  monkey  flower 
(Mimulus)  brightens  the  wayside  in  spring  and  summer.  Other 
plants  likely  to  attract  attention  are  the  thimbleberry,  with  its 
white  blossoms;  the  salmonberry,  with  its  yellow  fruit;  the  pink 
fireweed;  the  white,  plumose,  gracefully  pendant  ocean  spray, 
or  arrowwood  (Sericoiheca  discolor,  PI.  V,  p.  17);  and  other  forms 
growing  among  larger  plants  on  the  wooded  slopes.  In  the  more 
open  ground  the  almost  omnipresent  dandelion  in  June,  with  its 
fluffy  crowns  of  seeds,  the  purple  lupine,  the  red  and  white  clover, 
the  white  yarrow,  and  a  host  of  other  flowers  give  the  beauty  of 
varied  coloring  to  the  views  in  this  forest  land. 

From  Seattle  to  Portland  the  great  forests  of  Washington  are 
almost  continuous.  The  exceptions  are  the  so-called  prairies  of  the 
outwash  gravel  plains;  the  great  stretches,  bristling  with  the  black- 
ened trunk  of  many  a  forest  monarch,  which  the  lumbermen  leave 
in  their  wake;  and  the  long  alluvial  valleys  which  the  farmer  has 
cleared  and  tills.  Alder  and  maple  are  the  usual  successors  to  the 
firs  in  the  valleys. 
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Napa  vine. 

Elevation  444  feet. 
Population  1,304.* 
Seattle  103  miles. 


Beyond  Chehalis  the  railway  gradually  ascends  through  shallow 
cuts  in  Eocene  sandstone  and  early  Pleistocene  gravel  to  Napavine, 

situated  near  the  crest  of  a  low  east-west  divide  (450 
feet  above  sea  level)  that  separates  Chehalis  River 
from  the  Cowlitz,  a  tributary  of  the  Columbia.  The 
broad  surface  of  the  divide  is  the  level  top  of  an  exten- 
sive deposit  of  gravel  that  is  well  exposed  in  the  cuts 
along  the  railway.  In  this  locality  the  gravel- consists  largely  of 
volcanic  materials,  the  white  quartz  pebbles  that  are  so  common  in 
many  gravels  being  absent.  About  3  miles  beyond  Napavine,  near 
Evaline,  may  be  seen  the  brownish  Eocene  sandstone  which  under- 
lies the  gravel. 

The  railway  crosses  Olequa  Creek,  along  which  is  a  well-developed 
bench  or  terrace  eroded  in  the  same  gravel  formation  that  was  seen 
near  Napavine.  A  similar  terrace,  at  a  corresponding  height  above 
the  stream,  is  a  prominent  feature  of  the  Cowlitz,  Willapa,  and  other 
valleys  in  southwestern  Washington.  A  bluff  of  the  same  gravels, 
here  150  feet  in  thickness  and  overlying  Oligocene  beds,  appears  on 
the  left  as  Winlock  is  entered. 

Winlock  is  commonly  known  as  "Bungalow  Town"  and  the  sta- 
tion has  been  built  .in  that  style.  About  3  miles 
beyond  Winlock  the  valley  opens  and  on  the  right 
a  fine  view  is  obtained  of  Abernathy  Mountain,  a 
spur  of  the  Coast  Range.  On  the  left  are  some 
remarkably  tall  alders  with  a  background  of  firs. 
Near  Vader  station  are  tile  ovens,  which  are  supplied  by  clay 
obtained  near  by.     A  mile  beyond  the  town,  on  the  right,  is  a  small 

gas  plant.     The  gas  is  made  from  the  slabs  rejected 
by  the  adjacent  sawmill  and  is  supplied  to  the  town 

settle ^StaT"       at  the  rate  of  $3  a  month  f or  five  liShts  and  a  kite^11 

stove.     The  salable  by-products  of  the  gas  plant  are 

pyrogallic  acid,  creosote,  tar,  and  charcoal. 

Olequa  Creek  is  again  crossed  and  the  train  enters  a  short  gorge. 

On  the  left,  by  looking  ahead  down  the  gorge,  the  traveler  may  get 

a  fine  view  of  the  snow-covered  top  of  Mount  St.  Helens,  standing 

above  deep-green  forests  of  fir.     Nearer  at  hand,  on  the  left,  a  bluff 

exposes  a  sheet  of  lava  overlying  Eocene  shales,1  and  on  the  right  are 

Pleistocene  sands. 


Winlock. 

Elevation  309  feet. 
Population  1,140. 
Seattle  109  miles. 


Vader. 


1  This  is  the  region  of  the  type  section 
of  the  Olequa  formation,  described  by 
Arnold  and  Hannibal  as  extending  from 


the  Ewing  ranch,  2  miles  above  Little 
Falls  [Vader],  southward  down  Olequa 
Creek  to  Olequa,  a  distance  of  54  miles. 


A.     SMELT  FISHERY  ON  COWLITZ  RIVER  NEAR  KELSO,  V 


3  SALMON  ON  COLUMBIA  RIVER. 
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Olequa  Creek  joins  the  Cowlitz,  on  the  left,  at  Olequa  station. 
Some  hop  fields  and  hop  dryers  are  visible  up  the  Cowlitz.     On  the 

left  at  the  end  of  the  bridge  a  bluff  of  columnar 
Olequa.  basalt  (lava)  overlies  Eocene  shales,  and  the  railway 

Eierattan  102  feet.       passes  through  a  deep  cut  in  this  basalt  that  resem- 
seatue  us  miles.        bles  the  Bergen  Hill  cut,  near  New  York.    At  the 

south  end  of  the  cut,  on  the  left,  the  Eocene  shales 
are  well  exposed.  Much  of  the  lava  of  this  region  was  probably 
poured  out  at  intervals  over  the  sea  bottom  while  the  sediments  that 
were  later  consolidated  into  sandstones  and  shales  were  accumulat- 
ing, the  lava  thus  becoming  interbedded  with  the  coal-bearing 
Eocene  strata.  Later  horizontal  sheets  of  lava  overlie  the  tilted 
coal-bearing  beds  near  the  volcano  St.  Helens,  from  which  they 
issued,  but  these  later  lava  beds,  although  some  of  them  probably 
extend  for  a  long  distance  west  of  the  volcano,  are  not  visible  from 
the  railway. 

Toutle  River  is  crossed  near  its  junction  with  the  Cowlitz,  and 
that  river,  bearing  numerous  log  rafts,  may  now  be  seen  at  many 
places  on  the  right-hand  side  of  the  railway. 

At  Castle  Rock  frost  is  rare.     Here  are  extensive  farms  among 

the  low-rounded  hills  of  the  region  and  some  small 
Castle  Rock.  orchards  of  prunes,  cherries,  and  apples.     The  rail- 

Eievationwfeet.        way  cuts  near  Castle  Rock  expose  60  feet  of  stratified 
ISSl^Sm.        %kt-gray  sand,  forming  a  terrace  whose  top  has  an 

elevation  of  120  feet  above  the  sea. 
At  Ostrander  (see  sheet  3,  p.  32)  logs  floated  down  the  Cowlitz 
are  chained  into  flat  or  cigar-shaped  rafts  for  further  transporta- 
tion to  the  mills  on  the  Columbia  and  elsewhere. 
Ostraifiter.  f]^  pjace  jg  noted  for  the  size  of  the  timber  that  it 

Elevation  41  feet.        can  SUpply.     A  sawn  stick  215  feet  lone:  can  be  seen 

Population  339.*  ,  ,    rr/  ,  .  & 

Seattle  131  miles.         by  the  station,  and  one  44  inches  square  and  100 

feet  long  was  prepared  for  the  Chicago  exposition. 
A  few  miles  beyond  Ostrander  the  railway  enters  a   1,200-foot 
tunnel  through  a  spur  of  basalt,  from  which  it  emerges  into  a  broader 

part  of  the  valley.  Small  stern-whee!  steamers  ascend 
Ke,so*  the  Cowlitz  for  17  miles  beyond  Kelso.    The  smelt 

Elevation  28  feet.        fisheries  (PI.  VI,  4)  in  the  Cowlitz  yield  about  $50,000 
Seattle  135  miles.        annually.     Canned    smelts   sell   here    at    a   cent   a 

pound,  and  they  are  shipped  as  far  east  as  New  York. 

The  Cowlitz  Valley  contains  lignite  coal,  and  some  of  the  seams 

have  been  worked,  but  the  decreasing  demand  for  coal  due  to  the 

competition  of  California  oil  has  put  a  stop  to  mining  for  the  present. 
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Mount  Coffin,  on  the  right,  a  few  miles  down  the  Columbia  from 
the  mouth  of  the  Cowlitz,  was  an  Indian  burying  ground  and  received 
its  name  from  the  large  number  of  coffins  exposed  on  it.  On  this 
mountain  Commander  Wilkes,  in  1841,  made  astronomical  observa- 
tions to  determine  its  position. 

Ahead,  to  the  right,  over  the  flats  at  the  mouth  of  the  Cowlitz 
and  beyond  the  Columbia,  may  be  seen  some  even-crested  hills  about 
1,000  feet  in  height.  These  continue  on  the  southern  horizon  from 
this  point  to  Portland  Heights.  Similar  flat-topped  hills  stand 
also  on  the  north  side  of  the  Columbia.  If  an  observer  so  situated 
as  to  be  able  to  overlook  the  whole  valley  of  the  Columbia  in  this 
region  should  imagine  all  the  ravines  and  valleys  which  now  separate 
these  hills  to  be  filled  to  the  general  level  of  the  flat  hilltops  he  would 
then  see  spread  out  before  him  a  very  broad,  shallow,  flat-bottomed 
valley  and  would  realize  that  the  present  hills  are  all  that  is  left  of 
such  a  valley  after  its  floor  has  been  deeply  furrowed  and  carved 
by  streams.  The  hilltops  are  flat  because  they  are  parts  of  what  was 
once  such  a  continuous  valley  surface.  This  old  broad  valley  was 
worn  in  basalt  by  Columbia  River  in  early  Pleistocene  or  glacial 
time,  when  the  land  stood  1,000  feet  lower  than  now.  When  the 
land  started  to  rise  the  streams  began  to  cut  into  the  old  valley  floor 
and  fashioned  it  into  the  flat-topped  hills  of  the  present  landscape. 

At  Carrolls  may  first  be  seen  the  cliffs  of  basalt 
Carro    •  which  form   the  banks   of   the  Columbia  for  hun- 

Eievatkm2ifeet.        dreds  of  miles   and   attain  imposing  heights   along 

the  stretch  of  river  between  Portland  and  The  Dalles. 

The  Northern  Pacific  once  ferried  across  Columbia 

Kalama.  River  from  Kalama  to  Gobel,Orcg.,  and  the  old  boat, 

Elevation  21  feet.        which  could  carry  24  cars  and  an  engine,  can  sXiH  be 

Seattle lJmnes.        seen  a^  i^8  wharf.     The  railway  now  continues  up  the 

east  side  of  the  river  to  Vancouver.    Seines  set  for 
salmon  fishing  (PI.  VI,  B)  may  usually  be  seen  near  Kalama. 

The  dark  bluffs  on  the  left,  which  the  railroad  now  skirts  for 
several  miles,  with  the  river  on  the  right,  are  in  part  solid  flows  of 
basaltic  lava,  but  are  mainly  beds  made  up  of  fragments  of  volcanic 
rock  associated  with  some  sandstone  and  shale.  At  milepost  Ilia 
deposit  of  sand  and  gravel  overlies  lava  and  shales. 

As  Woodland  is  approached  a  fine  view  opens  on  the  left,  up 
Lewis  Valley.  Mount  Adams  is  in  sight,  and  a  little  farther  on,  to 
Woodland  *^e  kft  °f  it,  appears  the  white  cap  of  Mount  St. 

Helens.     Finally  Mount  Hood  comes  into  view  to 

Elevation 53 feet.  .  .    ..  -      *  .    -  .-_.  .. 

Population  384.  the   right   of   Mount   Adams.     Near   milepost    115, 

Seattle  155  miles.        scattered  over  an  alluvial  bottom,  are  some  large  oaks, 
the  forerunners  of  those  to  be  seen  later  in  Oregon  and  California. 
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At  157  miles  from  Seattle  Lewis  River  is  crossed.  The  bluffs  of 
basalt  on  the  left  here  give  place  to  slopes  of  gravel,  sand,  and  clay. 
These  deposits  were  laid  down  by  Columbia  River  in  early  Pleisto- 
cene time  and  now  form  hills  of  pleasing  rounded  contours. 

Two  miles  beyond  the  crossing  of  Lewis  River  are  well-stratified 
sands  and  clays  like  those  near  Tacoma,  and  just  beyond  -is  a  hori- 
zontal sheet  of  lava  (basalt)  showing  the  peculiar  feature  called 
columnar  jointing.  The  columns  are  due  to  cracks  produced  in  the 
lava  by  contraction  on  cooling  and  may  be  compared  with  the  polyg- 
onal cakes  into  which  a  layer  of  mud  breaks  on  drying.  The  mud 
cakes  are  thin  in  comparison  with  the  long,  regular  columns  found  in 
some  bodies  of  basalt,  but  the  modes  of  formation  are  analogous. 

Gravels  deposited  by  the  Columbia  when  its  bed  was  higher  than 

«  it  is  now  occur  between  Ridgefield  and  Knapps, 

Elevation  oo'foet  where  they  form  an  extensive  terrace  50  feet  above 

Population  297.  sea  level.     On  the  left,  near  Felida,  is  a  bluff  of 

Seattle  161  miles.  ^^   ^  gand>  which  are   older  thftn  ^  pjeig- 

FelWa*  tocene  gravel  of  Columbia  River. 

Satttoi69 maM.  ^  Vancouver  Junction  the  rounded  hills  are 

covered  with  prune  orchards.     From  this  place 
ancomrer  one  on.    ft    branch   line   runs  northeastward   28  miles  to 

Elevation  62  feet.  v        . 

Seattle  172  miles.  Yacolt. 

Vancouver  Wash.  Vancouver  is  the  military  headquarters  of  the 

Elevation  65  feet.  Department   of   the  Columbia.     Here  Dr.   John 

Population  0,300.  McLoughlin,  the  factor  of  the  Hudson's  Bay  Co., 

seatue  ne  miles.  who  in  1824_25  ruled  the  region  with  iron  hand 

but  benevolent  purpose,  built  Fort  Vancouver,  which  soon  became 
not  only  a  thriving  port  for  ocean  vessels  engaged  in  the  western 
fur  trade  but  also  an  outfitting  point  for  exploring  parties.  In  1841 
the  Wilkes  exploring  expedition  ascended  the  Columbia  and  camped 
at  Fort  Vancouver  for  some  months,  exploring  the  great  river  and 
its  tributaries.  An  overland  party  under  Lieut.  Emmons,  including 
the  geologist  J.  D.  Dana,  was  dispatched  by  way  of  the  Willam- 
ette Valley,  Mount  Shasta,  and  Sacramento  to  San  Francisco.  In 
1843  John  C.  Fremont  visited  Fort  Vancouver,  having  floated  down 
the  Columbia  from  The  Dalles,  a  route  then  in  favor  by  emigrants  who 
came  into  the  country  over  the  Oregon  Trail.  On  arklike  rafts 
loaded  with  farm  and  household  belongings  these  emigrants  glided 
down  the  river,  those  bound  for  the  Puget  Sound  country  turning 
northward  from  the  Columbia  at  the  mouth  of  the  Cowlitz,  and  those 
for  the  Willamette  Valley  turning  southward  opposite  Vancouver. 
Later,  in  1853-1855,  came  the  exploring  parties  of  the  Pacific  railroad 
surveys  in  search  of  the  best  transcontinental  and  coast  routes. 
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They  traversed  the  country  from  Puget  Sound  to  the  Gulf  of  Cali- 
fornia along  the  routes  since  followed  by  the  Southern  Pacific  Co. 

The  Columbia *  is  the  great  waterway  from  the  interior  of  the  con- 
tinent through  the  Cascade  Range  to  the  coast.     In  1805  it  bore  the 

canoes  of  the  first  transcontinental  explorers,  Lewis 
Columbia  River,     and  Clark,  from  the  slopes  of  the  Rocky  Mountains 

to  the  sea.  Their  party  spent  the  winter  on  the 
Pacific  coast  and  returned  by  the  same  route  in  1806. 

Columbia  River,  including  its  tributaries,  has  a  drainage  area  of 
about  259,000  square  miles  and  a  total  navigable  length  of  2,136 
miles.  The  system  as  a  whole  is  capable  of  furnishing  an  estimated 
maximum  of  about  19,740,000  horsepower,  of  which  only  351,249 
horsepower,  less  than  2  per  cent,  was  developed  in  1909,  the  latest 
year  for  which  complete  statistics  are  available.     In  five   States, 


1  Columbia  River  from  the  lower  cas- 
cades to  its  mouth,  a  distance  of  140  miles, 
is,  like  the  Hudson,  a  good  example  of 
what  geographers  term  a* '  drowned  river. " 
The  earth's  surface  is  not  absolutely  stable 
but  is  subject  to  upward  and  downward 
movements.  As  a  rule  these  are  so  slow 
as  to  escape  notice  except  in  so  far  as  their 
effects  can  be  seen  and  interpreted  by 
those  who  make  a  study  of  land  forms. 
When  a.  broad  section  of  coast  land  trav- 
ersed by  a  river  moves  downward,  the  sea 
water  advances  into  the  depressed  aod 
thereby  deepened  river  channel,  the 
river  water  is  backed  up,  perhaps  for 
many  miles,  and  the  lower  part  of  the 
river  so  affected  becomes  a  narrow  inlet 
whose  waters,  instead  of  gliding  steadily 
to  the  sea,  ebb  and  flow  with  the  tides. 

As  was  explained  on  page  24,  the  Colum- 
bia in  early  Pleistocene  time,  many  thou- 
sands of  years  ago,  flowed  in  a  broad  valley 
whose  floor  is  now  represented  by  the  flat' 
tops  of  the  hills  seen  near  Kalama.  The 
land,  which  probably  had  been  stationary 
for  a  long  period,  then  began  to  rise.  The 
slope  of  the  river  channel  was  increased, 
the  water  flowed  faster,  and,  with  the  sand 
and  bowlders  of  its  channel  as  abrasives, 
the  river  began  to  wear  down  its  bed. 
This  went  on  until  the  land  stood  higher 
than  at  present  and  the  river  had  cut  its 
bed  to  a  very  gentle  grade.  Then  the 
earth  movement  was  reversed.    The  land 


very  gradually  sank  and  the  ocean  water 
backed  up  into  the  Columbia.  It  was 
this  sinking  that  transformed  the  lower 
Columbia  into  a  navigable  stream,  deep 
enough  for  ocean-going  steamers,  and 
made  possible  the  commercial  develop- 
ment of  Portland  and  Vancouver.  This  is 
merely  one  of  many  illustrations  of  the 
direct  bearing  of  past  geologic  events  and 
processes  on  modern  life.  The  influence 
of  some  of  these  processes,  such  as  the 
formation  of  coal,  is  plain  enough  to  all. 
The  influence  of  others,  though  equally 
real,  is  not  so  obvious. 

The  mean  range  of  the  tide  at  Lower 
Cascades  is  only  0.2  foot,  at  Vancouver  0.8 
foot,  at  Portland  1  foot,  and  at  Astoria  6.4 
feet.  The  fluctuation  in  the  height  of 
the  river  due  to  changes  in  meteorologic 
conditions  is  more  than  20  feet  at  Port- 
land and  Vancouver,  so  that  the  tidal 
oscillations  there  are  of  very  slight  prac- 
tical importance. 

Rivers  are  the  sculptors  of  their  own 
valleys.  The  wild  gorge  through  which 
the  Columbia  traverses  the  Cascade  Range 
(PL  VII,  p.  23)  is  the  noblest  of  its  kind 
on  this  continent.  Its  history  has  not 
been  fully  made  out,  but  it  appears  that 
the  Cascade  Range  was  slowly  uplifted  as 
in  the  form  of  a  series  of  broad  arches  or 
uptilted  blocks  of  the  earth's  crust  along 
a  north-south  axis,  and  that  the  river, 
which  is  thought  to  have  had  nearly  its 
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Oregon,  Idaho,  Wyoming,  Montana,  and  Washington,  1,072  power 
wheels  were  turned  by  waters  of  streams  in  the  Columbia  River  basin 
during  that  year. 

The  most  valuable  fisheries  in  the  world,  except  only  the  oyster 
and  herring  fisheries,  are  those  supported  by  the  salmon.  Of  the 
salmon  fisheries  by  far  the  largest  are  those  of  the  Pacific  coast  of 
North  America.  Columbia  River  is  justly  celebrated  as  having 
afforded  more  salmon  than  any  other  river  in  the  world,  and  Astoria 
is  the  chief  center  of  the  industry. 

In  early  days  the  salmon  were  merely  dried  by  the  Indians.  About 
1833  they  were  first  salted  in  old  rum  kegs.  In  1864  the  canning 
of  salmon  was  begun  on  Sacramento  River,  in  California,  and  two 
years  later  on  the  Columbia,  where  it  has  flourished  ever  since.  The 
fish  are  caught  in  nets  of  various  kinds,  but  also,  and  most  effectively, 
in  the  salmon  wheel,  which  may  be  seen  at  many  points  along  the 
shores  of  the  Columbia.  By  this  device,  which  is  kept  in  motion 
by  the  stream,  the  fish  are  automatically  scooped  up  and  thrown  into 
a  tank. 

From  Vancouver  the  Columbia  is  crossed  by  a  new  bridge  more 
than  a  mile  in  length.     The  depth  of  the  river  here  is  29  feet.     The 


present  course  before  the  range  was 
formed,  maintained  its  channel  by  wear- 
ing down  its  bed  as  rapidly  on  the  whole 
as  the  mountains  rose.  The  larger  tribu- 
taries cut  down  their  channels  also  and 
carved  deep  ravines  Which  open  on  the 
river  (PI.  VIII).  The  smaller  streams, 
however,  have  been  unable  to  keep  pace 
with  the  main  stream  in  lowering  their 
channels,  and  reach  the  river  by  plung- 
ing over  the  cliffs  as  falls  ( PI .  IX) .  Tribu- 
tary valleys  perched  on  the  sides  of  a 
main  stream  valley  in  this  way  are  called 
"hanging  valleys." 

At  Cascade  Locks,  in  the  very  axis  of 
the  Cascade  Range,  the  river  has  been 
unable  to  maintain  a  uniform  grade  and 
falls  50  feet  in  a  series  of  rapids  to  the  tidal 
portion  of  the  stream.  Above  the  cas- 
cades the  river  is  ponded,  as  if  the  ob- 
struction over  which  it  falls  were  acting  as 
a  dam.  At  one  time  the  ponding  was 
more  extensive  than  at  present,  as  shown 
by  the  occurrence,  some  miles  above  the 
cascades,  of  trees  belonging  to  species  now 
living  that  have  been  killed  by  the  water 
and  partly  buried  in  silts  (PI.  X,  A,  p.  28) 
containing  their  fossilized  leaves. 


Three  explanations  have  been  sug- 
gested for  the  occurrence  of  the  obstruc- 
tion at  the  cascades  and  the  consequent 
damming  of  the  river  above  them.  One 
is  that  it  represents  a  hump  that  has  been 
produced  across  the  river  channel  by  the 
continued  slow  uplift  of  the  Cascade 
Range.  It  is  supposed,  in  accordance 
with  this  view,  that  the  uplift  of  the  range 
at  this  place  has  proceeded  a  little  faster 
than  the  river  could  cut  down  its  bed. 
Another  and  more  probable  explanation, 
in  view  of  the  localized  character  of  the 
obstruction,  is  that  it  is  due  to  faulting — 
that  is,  to  movement  along  a  crack  in  the 
rocks  that  runs  approximately  at  right 
angles  with  the  course  of  the  river,  the 
formation  of  the  crack  being  followed  by 
a  slipping  of  the  rocks  along  it  in  such  a 
way  that  the  country  east  of  it  has  sunk 
a  little  or  the  country  west  of  it  has  risen 
a  little.  A  third  and  still  more  probable 
suggestion  is  that  a  large  mass  of  rock  has 
slid  into  the  river  from  the  cliffs  and  thus 
made  a  dam  which  has  not  yet  been  wholly 
washed  away.  Not  enough  geologic  work 
has  been  done  in  the  vicinity  to  determine 
which  explanation  is  the  true  one. 
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character  and  the  natural  sorting  of  the  material  of  the  river  bed  are 
well  illustrated  by  the  deposits  of  fine-grained  sand  dredged  oppo- 
site Vancouver,  of  coarse  sand  opposite  Russell  Landing,  and  of 
gravel  opposite  Fishers,  9  miles  above  Vancouver.  Halfway  across 
the  Columbia  River  bridge  the  traveler  passes  into  the  State  of 
Oregon. 

The  name  Oregon  was  in  1778  first  applied  by  Jonathan  Carver  to 

the  river  now  known  as   the  Columbia  and   afterward  somewhat 

vaguely  to  the  vast  country  drained  by  it.    The  present 

Oregon.        State  of  Oregon  is  about  375  miles  from  east  to  west  and 

200  miles  from  north  to  south  and  comprises  an  area  of 

96,699  square  miles.     Its  population  in  1910  was  672,765. 

Oregon,  like  Washington,  extends  across  the  mountain  belt  and 
includes  much  of  the  interior  plateau.  It  has  thus  a  wide  range  of 
climate,  that  of  the  coast  being  mild,  equable,  and  humid,  and  that 
of  the  interior  dry  with  pronounced  variations  in  temperature. 
Most  of  the  mountain  belt  is  heavily  timbered,  and  the  Douglas 
spruce  (Pseudotsuga  mucronctia),  commonly  called  red  fir,  is  said  to 
constitute  about  five-sevenths  of  the  total  timber  stand  of  the  State. 
This  tree  yields  the  well-known  " Oregon  pine"  of  commerce.  The 
value  of  the  lumber  and  timber  products  of  Oregon  in  1912  was 
about  $22,263,920,000.  A  large  part  of  the  State  lies  within  the 
great  volcanic  field  of  the  Northwest,  the  rocks  of  which  yield  rich 
soils.  Although  great  quantities  of  oats  and  barley  are  grown  in 
Oregon,  wheat  is  the  principal  grain  crop,  and  most  of  it  is  raised  by 
dry  fanning  in  the  eastern  part  of  the  State.  The  most  productive 
agricultural  region,  on  the  whole,  is  the  Willamette  Valley.  The 
fisheries  of  Oregon  are  of  great  value.  The  principal  product  from 
its  mines  is  gold,  the  yield  in  1913  being  $1,177,082  from  deep  mines 
and  $450,628  from  placers.  Its  water  resources  for  power  and  irriga- 
tion are  as  yet  largely  unused  and  await  the  further  development  of 
the  State. 

Oregon  was  early  a  bone  of  contention  between  nations.  While 
the  United  States  claimed  the  drainage  of  the  Columbia,  the  British 
were  moving  down  from  the  north  and  Spain  was  advancing  its 
missions  from  the  south.  The  regulations  of  the  Hudson's  Bay  Co., 
administered  by  John  McLoughlin,  were  the  first  law  of  the  region. 
They  were  superseded  by  a  more  independent  form  of  government 
when  Oregon  was  organized  as  a  Territory  in  1848.  The  Territory 
of  Oregon  included,  besides  the  area  of  the  present  State,  the  region 
now  included  in  Washington  and  Idaho,  with  parts  of  Wyoming 
and  Montana.  On  February  14,  1859,  Oregon  was  admitted  to  the 
Union  as  a  State. 
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From  the  Columbia  the  railway  crosses  the  broad,  partly  swampy 
alluvial  flood  plain  of  the  river  and  enters  a  deep  cut  over  a  mile  in 

length  and  30  to  100  feet  deep.     (See  fig.  4.)     This 

^^wrtUmder  *   cut  goes  througl1  P*1*  o{  a  terrace  that  projects 

into  the  angle  between  Columbia  and  Willamette 
rivers.  East  Portland  is  built  on  this  terrace.  The  principal 
material  exposed  in  the  cut  is  fine  sand,  rudely  stratified  and  con- 
taining scattered 

lenses  and  streaks    &$$&K  yjfrre.^-^ }  Buff  loam ,4-6 feet 

of  gravel,  with  a 
few  pebbles  as 
much  as  6  inches 
in  diameter.     In 


/hj\«jfl.V-T  }  Buff  loam,4- 
&*£<&£#    Cross-bedded 


•  •  •  •  •  • 


sand 
and  gravel,  40  feet 

Fine  sand  with  fe\v 
►  pebbles  and  streaks 
of  clay.  60  feet 


this    material    at     Fkhjb*  4.— Section  of  deep  cut  of  Northern  Pacific  Railway  across  Portland 
intervals  of    3   or  Peninsula  between  Vancouver,  Wash.,  and  Portland,  Oreg. 

4  feet  there  are  thin  beds  of  clay  or  clay  and  sand.     Above  this  lies 
coarse  cross-bedded  gray  sand  and  gravel  capped  by  buff  loam. 

Beyond  the  cut  the  railway  crosses  the  Willamette  at  Willbridge 
and  turns  to  the  left  up  that  stream.  East  of  the  river,  above  a 
bluff,  is  Columbia  University  (Catholic).  In  the  bluff,  which  is  175 
feet  high,  are  exposed  lower  beds  than  those  seen  in  the  cut,  and  they 
include,  as  may  be  seen  at  one  point  southeast  of  Mocks  Bottom, 
larger  bowlders  and  coarse  gravel.  On  the  right  as  Portland  is 
approached  is  Guild  Lake,  the  site  of  the  Lewis  and  Clark  Exposi- 
tion in  1905.    It  is  now  being  filled  for  factory  sites  by  washing  in 


tpoo'i  The  Heights  of  Portland 


.  """ll,l.,:.'.1,.",1»v         ^-•*.»""N 


and,  gravel,  and  bowlders  of  Quaternary  age 
atine*  layers  of  compact  marl, shale, 

plarfo.ngntte,  sand,  and  gravel,  aup- 

1  to  be  of  Tertiary  age 

Granite" 


Figure  5.— East-west  section  of  Willamette  Valley  at  Portland,  Oreg. ,  showing  the  relations  of  the  sandy 
loam  (a)  and  the  basalt  (b)  of  Portland  Heights  to  the  sand  and  grovel  (c)  on  which  Portland  and  East 
Portland  are  built  and  to  the  gravel  (<f)  of  Mount  Tabor  and  the  sandy  loam  (0  best  exposed  on  the 
upper  slopes  of  Westover  Terrace. 

gravel.  Across  the  lake  is  a  dark  bluff,  which  is  notched  by  the  ravines 
of  small  streams  that  drain  a  plateau  west  of  it.  The  bluff,  which 
is  made  up  of  basalt  lava,  is  capped  by  buff  sandy  loam  that  has 
resulted  from  the  weathering  of  the  basalt.  A  diagrammatic  section 
from  the  plateau  on  the  west,  through  the  river  terraces  on  which 
the  cities  of  Portland  and  East  Portland  are  built,  to  Mount  Tabor 
on  the  east  is  shown  in  figure  5. 

The  flat-topped  heights  west  of  Portland,  including  Council  Crest, 
are  part  of  what  in  early  Pleistocene  time  was  an  extensive  nearly 
level  surface  produced  by  erosion — a  peneplain,  as  it  is  termed  by 


80 


GUIDEBOOK  OF  THE  WESTERN   UNITED  STATES. 


Portland,  Oreg. 

Elevation  56  feet. 
Pojftilation  207,214. 
Seattle  186  miles. 


geologists.  As  such  a  surface  is  not  produced  until  the  region  is 
worn  down  nearly  to  sea  level,  this  plain  must  have  been  elevated 
since  it  was  formed.  Remnants  of  this  old  surface/  which  has  been 
deeply  cut  by  the  present  rivers  and  their  tributaries,  extend  up  the 
Columbia  to  Cape  Horn  and  up  the  Willamette  to  a  point  beyond 
Oregon  City. 

Portland,  186  miles  south  of  Seattle  and  771  miles  north  of 
San  Francisco,  is  often  referred  to  as  the  Rose  Citv  on  account  of 

the  beauty  and  profusion  of  the  queen  of  flowers 
in  its  gardens  and  even  along  its  streets.  An  annual 
rose  festival  is  held  here  dining  the  first  week  of  June. 
On  the  terraces  and  slopes  in  the  western  part  of  the 
city,  which  have  a  range  of  altitude  of  more  than 
1,000  feet,  there  are  many  beautiful  homes,  each  with  its  garden, 
from  which  may  be  obtained  views  that  are  surpassed  in  few  other 
cities  in  the  world — such  as  the  view  across  the  Willamette  to  the 
snow-crowned  peaks  of  Mounts  St.  Helens,  Adams,  and  Hood 
(PL  XI,  A). 

The  settlement  was  founded  in  1845  by  two  men  from  New  England 
and  was  named  after  Portland,  Maine.  It  was  chartered  as  a  city  in 
1851.  Its  situation  at  the  head  of  deep-water  navigation  on  the 
Columbia  and  Willamette  and  at  the  gateway  for  railroads  to  the 
East  through  the  gorge  of  the  Columbia  gives  it  great  advantage  as  a 
commercial  center.  Steamships  ply  from  it  to  many  domestic  and 
foreign  ports.  It  exports  every  year  raw  materials  and  foodstuffs — 
chiefly  wheat,  wool,  lumber,  fish,  and  flour — to  the  value  of  over 
$15,000,000,  and  its  manufactured  products,  including  woolen  goods, 
flour,  and  many  other  articles,  amount  to  $35,000,000  annually. 


1  This  peneplain  is  related  to  a  similar 
one  in  central  Washington  and  to  an 
elevated  beach  along  the  coast  of  Oregon 
which  records  the  ocean  level  at  that 
time.  It  was  in  the  later  stages  of  this 
period  of  erosion  that  the  basalt  became 
so  deeply  weathered. 

The  general  uplift  of  the  region  that 
followed  the  formation  of  this  peneplain 
caused  the  rivers  to  cut  deep,  wide  val- 
leys across  it  and  expose  the  lava  and 
underlying  Tertiary  sediments  in  bluffs 
such  as  those  near  Portland.  Subsidence 
followed  and  the  valleys  were  partly 
filled  with  gravel.  A  succeeding  uplift 
enabled  the  rivers  to  carry  away  much  of 
this  old  gravel  in  the  Columbia  Valley, 
but  a  remnant  of  it  may  be  seen  on  Mount 
Tabor,  a  basalt  knob  in  East  Portland. 
The  knob  is  itself  a  remnant  of  an  ex- 


tensive lava  flow.  Still  another  sub- 
sidence caused  the  rivers  to  deposit  the 
gravels  and  sands  of  the  terrace  on  which 
Portland  and  East  Portland  are  built. 
These  sands  and  gravels  were  themselves 
cut  into  and  trenched  in  consequence  of 
a  later  moderate  uplift  of  the  land. 
Finally,  as  has  been  seen,  a  relatively 
slight  depression  drowned  the  lower 
reaches  of  the  Columbia  and,  of  course, 
of  the  Willamette  also.  It  thus  appears 
that  the  land  in  this  region  has  had 
many  ups  and  downs  in  late  geologic 
time.  The  movements  here  noted, 
however,  are  only  the  more  conspicuous 
ones.  Many  minor  oscillations  have  left 
less  noticeable  traces  in  the  landscape. 
All  these  movements  were  probably  so 
slow  that  they  passed  unnoticed  by  men 
if  any  were  there  at  that  time. 
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Among  the  more  notable  buildings  are  the  Public  Library,  the 
Wells  Fargo  Co.'s  building,  the  Chamber  of  Commerce,  the  Com- 
mercial Club,  the  Oregonian  Building,  and  the  Art  Museum.  Of  the 
church  buildings,  the  Presbyterian,  Congregational,  Baptist  (White 
Temple),  and  Episcopal  (Cathedral)  should  be  mentioned.  The  City 
Hall  contains  the  Oregon  Historical  Society's  museum  and  the 
Hawkins  Museum  of  Natural  History. 

Willamette  River,  which  separates  East  Portland  from  Portland, 
is  spanned  by  five  bridges. 

Electric  cars  afford  easy  access  to  the  hilltop  known  as  Council 
Crest,  from  which  superb  views  may  be  had  of  the  rolling  lava  plateau 

in  which  the  Willamette  has  cut  its  valley,  a  country 
ExCpl^J^JPMn        of  rich  farms  and  orchards.     To  the  east  may  be  seen 

the  Cascade  Range,  surmounted  by  the  lofty  peaks 
of  Mounts  Rainier,  St.  Helens,  Adams,  Hood,  and  Jefferson. 

Cloud  Cap  Inn  may  be  reached  in  a  day  by  the  Oregon- Washington 
Railroad  &  Navigation  Co.'s  train  up  the  south  bank  of  the  Columbia 
to  Hood  River  station,  thence  by  auto  stage  through  the  famous 
orchard  country  of  the  Hood  River  valley  and  up  the  northern  slopes 
of  Mount  Hood  to  an  altitude  of  nearly  6,000  feet.  From  this  place 
the  glaciers  are  in  full  view  and  may  be  easily  reached.  The  cliffs 
along  the  south  side  of  the  Columbia  (Pis.  VH-IX),  seen  on  this  trip, 
are  remarkable  for  their  sheerness  and  for  the  numerous  waterfalls 
that  plunge  over  them  to  the  river,  but  the  cliffs  upon  the  north  side 
of  the  river  are  in  general  less  imposing  and  lack  falls.  Fish  wheels, 
log  rafts  for  ocean  transportation  (PI.  X,  B}  p.  28),  and  the  Cascade 
Locks  are  additional  attractions  of  a  trip  that  is  well  worth  taking. 

Astoria,  near  the  mouth  of  the  Columbia,  may  be  reached  by 
steamer  or  railway.  The  river  is  5  miles  wide  here.  At  its  mouth 
are  the  great  Government  jetty;  Forts  Stevens  and  Scarboro  Head, 
which  guard  the  entrance;  lighthouses;  and  a  life-saving  station. 
Some  typical  sand  dunes  may  be  seen  near  Astoria,  and  the  type 
locality  for  the  rocks  and  fossils  of  the  Astoria  shale  (Oligocene)  is 
in  this  vicinity.  Here,  many  years  ago,  Prof.  J.  D.  Dana,  then  on 
the  Wilkes  expedition,  observed  some  sandstone  dike3,  formed  by 
sand  that  filled  wide  cracks  in  the  rocks  and  later  itself  hardened 
into  rock.  As  a  rule  dikes  are  composed  of  igneous  rock  which  has 
been  forced  into  such  cracks  in  a  molten  condition.  Dikes  of  sand- 
stone are  comparatively  rare. 

John  Jacob  Astor  founded  the  town  of  Astoria  in  1811  as  a  depot 
for  the  fur  trade.  It  was  seized  by  the  British  in  1813  but  was 
restored  in  1818.  In  1821,  while  occupied  by  the  Northwest  Fur  Co., 
it  was  burned  and  practically  abandoned,  the  Hudson's  Bay  Co. 
being  left  in  control  of  the  country. 
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Trains  from  Portland  by  the  Spokane,  Portland  &  Seattle  Rail- 
way connect  with  steamers  of  the  Great  Northern  Pacific  Steamship 
Co.,  which  run  to  San  Francisco  three  times  a  week. 

On  leaving  Portland  for  the  south  the  railway  crosses  Willamette 
River  and  ascends  its  valley.    The  drainage  basin  of  the  Willamette 

is  a  roughly  rectangular  trough-shaped  hollow,  145 
Willamette  River,     miles  long  and  80  miles  wide,  lying  between  the 

Cascade  and  Coast  ranges.  Its  area  is  over  11,000 
square  miles.  The  maximum  power  available  from  the  river  and  its 
tributaries  is  1,670,000  horsepower,  of  which  92,537  horsepower  had 
been  developed  in  1909,  the  date  of  the  United  States  Census  report. 
The  river  is  navigable  for  100  miles,  and  shallow-draft  steamers  ply 
regularly  from  Portland  to  Oregon  City,  Dayton,  and  Corvallis. 

East  Morrison  Street  station  is  in  the  manufacturing  suburb  of 
East  Portland,  and  a  mile  beyond,  on  the  left,  is  the  new  Ford  auto- 
mobile factory.  Half  a  mile  beyond  the  suburb  of  Brooklyn,  near 
milepost  767  from  San  Francisco,  on  the  left,  there  are  gravel  terraces, 
on  which  stand  the  buildings  of  Reed  College.  For  miles  the  railroad 
runs  through  a  beautiful  fertile  country  in  which  cultivated  fields 
are  interspersed  with  groves  of  firs,  alders,  and  other  trees.  The 
white-flowered  arrowwood,  purple  hardhack,  and  fireweed  beautify 
the  hedges  and  fields.  Along  this  part  of  the  route  there  are  fine 
views  of  the  even-crested  bluff,  probably  of  basalt,  that  bounds  the 
valley  of  Kellogg  Creek  on  the  west.  The  smooth  soil-covered  slopes 
over  which  the  train  passes  end  abruptly  against  this  bluff,  which  is 
probably  due  to  a  fault.  Near  Milwaukic  (milepost  762),  on  the  left, 
is  Harmony  School,  and  beyond  are  Mount  Scott  and  other  prominent 
rounded  hills  of  lava  (basalt). 

There  appears  on  the  left,  just  before  the  train  reaches  Clackamas 
(see  sheet  4,  p.  36)  a  small  sulphurous-looking  factory  where  spray 
compounds  for  fruit  trees  are  made.     The  State  Rifle  Range  is  near 

Clackamas.  Opposite  the  station  there  is  a  fine 
Clackamas.  view  of  Mount  Hood  over  field  and  forest. 

Elevation  137  feet.  Near  milepost  758  the  railroad  crosses  Clackamas 

Seattle  w^iniies.  River,  which  is  bordered  by  banks  of  basalt.     On  the 

south  side  is  Park  Place  station  near  Gladstone  Park. 
As  Oregon  City  is  approached  the  valley  of  the  Willamette  narrows . 
to  a  canyon  between  bluffs  of  basalt. 

Oregon  City,  situated  at  the  Falls  of  the  Willamette  (PL  XI, 
Bj  p.  29),  is  a  manufacturing  town  and  produces  paper  and  wool 

goods.  The  water  here  falls  40  feet  over  basal 
Oregon  City.  to  tidewater  level.     A  large  hydroelectric  plant  b; 

Elevation  102  feet.         the  falls  supplies  light  and  power  for  Portland,  an* 
seaAUeao^iiSl!  ^e  maximum  available  energy  is  said  to  be  50,< 

horsepower.     A  lock  canal  along  the  west  bank 
the  river  transfers  steamers  and  other  boats  past  the  falls. 
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Molalla  Road 
Plain 


Basalt  bluffs  restrict  the  outlook  from  the  train,  but  the  accom- 
panying section  (fig.  6)  shows  what  may  be  seen  above  the  bluff  on 
the  left  (east),  near  the  quarry  and  crusher,  and  along  the  road  to  Ely. 

Dr.  John  McLoughlin,  the  Hudson's  Bay  Co.  factor,  settled  here 
and  did  much  for  the  early  settlers  and  afterward  for  the  town.  His 
house  is  carefully  preserved  in  a  park  that  commands  a  fine  view  of 
the  river. 

Between  Oregon  City  and  New  Era,  a  distance  of  6  miles,  the  Wil- 
lamette has  cut  a  canyon  450  feet  in  depth  across  an  extensive  rolling 
upland  on  which  are  many  fine  farms.  This  upland  is  traversed 
by  the  Pacific  Highway,  a  road  from  San  Diego,  CaL,  to  Vancouver, 
British  Columbia.  Along  the  sides  of  the  canyon,  at  elevations  of 
100  to  200  feet  above  the  sea,  are  remnants  of  a  well-defined  terrace. 
These  are  parts  of  a  former  bottom  of  the  canyon,  made  when  the 
river  was  flowing  at  a  higher 
level.  The  upland  is  an  old 
erosion  surface,  and  was 
formed,  together  with  the  can- 
yon and  the  terrace  (fig.  6), 
while  the  gorge  of  the  Colum- 
bia was  being  cut,  before  the 
falls  at  Oregon  City  came  into 
existence.  The  falls  have 
since  cut  back  about  a  mile 
from  their  first  position.  In 
comparison  with  the  recession 
of  some  falls — for  example, 
Niagara,  which  has  receded 
about  9  miles — this  distance  is  not  great,  but  the  rock  is  hard  and 
gives  way  slowly  under  the  wearing  action  of  the  water. 

Near  Coalca,  at  milepost  751,  on  the  left,  scarcely  visible  among 
the  trees  of  the  terrace  above  the  train,  is  Coalca  or  Balanced  Rock, 
which  marks  the  scene  of  many  an  Indian  council. 

At  New  Era  the  railroad  emerges  from  the  canyon  into  a  broad 
alluvial  valley  deeply  filled  with  unconsolidated  material  deposited 

by  the  Willamette  and  its  tributaries.1    Gravel  is 
New  Era.  dredged  from  the  Willamette  here  and  after  washing 

Eievatkm  162  feet.       an(j  screening  is  delivered,  wholly  by  machinery,  in 

bunkers  at  the  railroad  ready  for  shipment.    At 
Fishs  Eddy  the  river  impinges  from  the  west  against  bluffs  of  lava, 
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Figure  6.— Section  of  east  bluff  at  Oregon  City,  Oreg. 
a,  Stratified  gravel  and  sand;  6,  stratified  coarse  sand; 
c,  stratified  fine  loamy  material;  d,  decomposed  basalt 
resembling  material  of  e.  These  materials  are  like  those 
noted  at  Westover  Terrace,  Portland.  They  are  well 
exposed  near  the  quarry  at  the  head  of  Hunroe  Street, 
Oregon  City,  and  on  the  Molalla  road  to  Ely. 


1  The  explanation  of  the  fact  that  the 
Willamette  between  Oregon  City  and 
New  Era  flows  through  a  canyon,  while 
north  of  Oregon  City  and  south  of  New 
Era  it  occupies  broad  valleys,  is  thought 

96286°— BuU.  614—16 8 


to  be  as  follows:  At  a  time  not  definitely 
determined  but  probably  early  in  the 
Pleistocene  epoch  a  fracture  was  formed 
in  the  basaltic  rocks  near  the  site  of  Ore- 
gon City.    This  fracture  had  a  general 
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Canby. 

Elevation  179  feet. 
Population  587. 
Seattle  210  miles. 


which  cause  it  to  turn  abruptly  northwestward.  At  this  place  may 
be  seen  some  Pleistocene  sediments,  deposited  in  the  valley  probably 
while  the  river  was  temporarily  dammed,  as  described  in  the  footnote. 
From  this  point  to  Salem  the  railroad  passes  through  a  region  of 
broad  alluvial  plains  with  prosperous  farms  won  from  the  great 
forest,  which  is  represented  now  only  by  stumps  and  by  scattered 
groups  of  tall  firs. 

The  Clackamas  County  Fairground  is  visible  on  the  right  as  the 
train  enters  Canby.     Half  a  mile  beyond  the  town  is  a  railroad 

gravel  pit.  The  gravels  have  the  characteristic  delta 
structure,  known  as  cross-bedding — a  series  of  layers 
all  inclined  in  one  direction  capped  by  nearly  hori- 
zontal layers.  They  resemble  the  delta  deposits  seen 
near  Puget  Sound.  Southeast  of  Canby,  near  Wil- 
hoit,  is  a  farm  where  teazels  are  grown.  The  dry  thistle-like  head  of 
the  teazel  is  used  by  fullers  to  comb  up  the  nap  on  woolen  cloth,  and 
this  farm  is  said  to  furnish  a  large  part  of  the  world's  supply.  At 
milepost  746  the  railroad  crosses  Mqlalla  River,  which  here  flows 
along  the  east  side  of  its  broad,  flat  valley.  In  this  valley  are  grown 
wheat,  oats,  potatoes,  peaches,  apples,  and  hops.  In  the  neighbor- 
hood of  Barlow  and  Aurora,  where  Pudding  River  is  crossed,  the  for- 
ested areas  increase,  but  to  the  northwest,  near  Newburg,  there  is  a 
fine  orchard  country.     (See  PL  XII.) 

At  Hubbard  and  between  Hubbard  and  Woodbura 
the  country  is  open  to  the  east,  and  the  traveler  may 
get  views  of  the  Cascade  Range,  with  Mount  Jeffer- 
son and  other  snow-covered  summits.  Woodburn  is 
the  center  of  a  rich  farming  country.  Beyond  the 
station  a  vista  opens  on  the  right  to  the  Coast 
Range.  Rural  scenes  continue  to  Gervais,  a  town 
notable  for  its  fresh,  white  cleanliness.     About   a 


Hubbard. 

Elevation  210  feet. 
Population  283. 
Seattle  218  miles. 


Woodburn. 


Elevation  210  feet. 
Population  1,616. 
Seattle  222  miles. 


northwesterly  course.  The  rocks  on  op- 
posite sides  of  it  began  to  move,  and  ap- 
parently the  principal  movement  was  a 
rise  of  the  rocks  on  the  southwest  side. 
The  rocks  were  lifted  as  a  tilted  block, 
the  hinge  of  the  movement  being  some- 
where near  the  site  of  New  Era.  The 
tendency  of  this  movement  was  to  dam 
the  Willamette  above  New  Era.  Tem- 
porarily the  river  may  have  been  ponded 
back,  but  on  the  whole  it  appears  to  have 
been  able  to  cut  a  canyon  in  the  basalt 
as  fast  as  the  rock  rose.  The  Tualatin, 
a  tributary  which  formerly  entered  the 
Willamette  at  Oswego,  5  miles  below 
Oregon  City,  also  had  its  course  across  the 
rising  block  of  lava,  but  being  a  less 


powerful  stream  than  the  Willamette,  it 
was  unable  to  maintain  its  original  chan- 
nel. It  was  forced  to  flow  southeast, 
along  the  sloping  back  of  the  uptilted 
block,  and  now  enters  the  Willamette 
nearly  3  miles  above  Oregon  City.  Os- 
wego Lake,  a  long,  narrow  body  of  water 
trending  at  right  angles  to  the  Willamette 
west  of  Oswego,  is  really  a  remnant  of  the 
former  lower  part  of  the  Tualatin. 

While  the  Willamette  was  engaged  in 
cutting  the  canyon  through  the  hard  lava 
block  it  had  time  to  swing  from  side  to 
side  above  the  obstruction  and  to  erode 
from  the  softer  rocks  the  wide  valley 
which  the  traveler  Bees  as  he  emerges 
from  the  canyon. 
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mile  beyond  Gervais  patches  of  blue  toadflax  (IAnaria  canadensis) 

may  be  seen  in   the  fields  in   June.     Less  than   a 
**    *  mile  farther  on,  at  the  right,  is  a  grove  of  oaks  which 

PomJa^ton^B86^       contrast  with  the  more  common  fir. 
Seattle  225  mflee.  Just  north  of  the  town  of  Brooks  is  a  noted  logan- 

Brooks.  berry  farm,  and  during  the  season  the  adjacent  oak 

Elevation  230  feet.       woods  are  white  with  the  tents  of  the  berry  pickers. 
Population  1,018.*       i*jle  loganberry  is  a  hybrid  produced  by  crossing  a  red 

raspberry  with  a  species  of  blackberry.    It  was  named 
for  its  originator,  Judge  Logan,  of  California. 

At  Ghemawa  is  an  Indian  school  with  good  buildings  and  well- 
kept  grounds.    It  has  about  600  students  and  teaches  in  a  practical 

way  many  trades  and  industries,  giving  most  atten- 
Chemawa.  tion  to  agriculture.     The  results  are  well  illustrated 

Elevation  188  feet.       on    the   school    farm.     Prune,    apple,    and    cherry 
SSr       orchards  and  berry  gardens  become  more  numerous 

as  Salem,  the  State  capital,  is  approached. 
Salem  is  beautifully  situated  on  Willamette  River  amid  rolling 
hills  that  yield  abundantly  all  kinds  of  farm,  orchard,  and  garden 

products.     It  is  in  one  of  the  most  productive  cherry 
Salem.  districts  of  the  State,  and  its  cherry  festival  is  an 

Elevation  101  feet.       annual  attraction.     Salem  is  noted  also  as  a  hop  and 

^ue^infleT*  V™**  <*nter.  T*1©  State  buildings  are  near  the  rail- 
road on  the  right,  and  close  to  them  are  those  of 
Willamette  University.  The  State  asylum  for  the  insane  and  the 
penitentiary,  surrounded  by  beautiful  grounds,  are  about  a  mile  from 
the  railroad  on  the  left. 

A  short  distance  west  of  Salem  are  some  hills  of  basalt  that  are 
outliers  of  the  great  masses  of  volcanic  rocks  forming  the  Cascade 
Range.  A  pleasant  trip  on  the  Salem  Heights  electric  car,  running 
a  mile  to  the  south,  will  enable  the  traveler  to  see  the  lavas  at 
many  points  and  to  obtain  an  excellent  view  of  the  city  among  its 
trees. 

On  leaving  Salem  for  the  south  the  railroad  follows  the  valley  of 
Mill  Creek  to  Turner.  The  basalt  hills  just  mentioned  are  on  the 
right.  Two  miles  from  Salem,  on  the  same  side,  is  the  Asylum  for 
the  Feeble  Minded.  On  the  left  is  the  broad  alluvial  valley  of  Mill 
Creek,  and  a  few  miles  farther  along  the  State  Industrial  Training 
School  for  Boys,  which  stands  on  a  hill  that  appears  to  be  basaltic. 
Where  the  railroad  rounds  the  basalt  slopes  on  the  right  the  bright- 
yellow  monkey  flower  (Mimulus)  borders  the  track  in  June,  and  at 
that  season  there  is  a  wealth  of  flowers  on  every  hand.  The  goldenrod 
(Solidago)  appears  even  as  early  as  the  end  of  June,  and  among  the 
small  trees  is  the  attractive  madrona  (Arbutus  Tnenziesii),  with  its 
brown  bark  and  fresh,  glossy  evergreen  leaves. 
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Turner. 

Elevation  332  feet. 
Population  191. 
Seattle  246  miles. 


For  miles  south  of  Turner  the  Cascade  Range  is  in  view  on  the  l 
(east).    Mount  Jefferson  and  the  Threer  Sisters  can  be  seen  if 

weather  is  clear.     On  the  right,  a  few  miles  aw 
are  basalt  hills,  some  densely  forested  with  fire 
others   cultivated.     The   varicolored   crops  make 
beautiful  contrast  with  the  forest. 
Here,  through  spring  and  summer,  the  exultant  song  of  the  w 
ern  meadow  lark  is  heard,  and  bob  white,  the  eastern  <^uail  who 
been  brought  west,   expresses   contentment   in   his   new  quart 
Here,  too,  in  the  early  hours  of  the  day  the  traveler  will  hear 
rippling  music  of  the  Chinese  pheasant  and  will  not  wonder  t; 
M   .  Rostand's  Chantecler,  listening  to  that  melody,  fo 

Elevation  329  feet.         ^°  £*ve  ^s  clftri°n  ca^  t^at  was  to  se^  the  World  gOi 

Population  564  *         for  another  day. 

Seattle  253  miles.  Marion  is  surrounded  by  a  great  hay  country 

which,  as  elsewhere  in  Oregon,  vetch  is  grown  with  wheat  and  01 

for  hay,  with  excellent  results. 

At  Jefferson  the  railroad  crosses  Santiam  River,  < 
of  the  largest  tributaries  of  the  Willamette.     Un 
the  bridge  at  low  water  can  be  seen  dark,  more 
less    carbonaceous   shales.     The  railroad  passes 
tween  hills  of  basalt  and  traverses  the  alluvial  pi 

past  Millersburg  to  Albany. 

Albany,  which  is  on  the  Willamette  at  the  mouth  of  Calapo< 

River,  is  an  important  railroad  center.     Branches  from  the 

line  of  the  Southern  Pacific  extend  from  it  to 
coast  on  the  west  and  into  the  Cascade  Range  on 
east.1     A  short  distance  south  of  Albany  the  C 
and  Coast  ranges  are  in  full  view.     Both  ranges 
been  so  eroded   as  to  present  irregular  sky 

Marys  Peak  dominates  this  part  of  the  Coast  Range,  and  some  b 

buttes  between  Santiam  and  McKenzie  rivers  are  outliers  of 

Cascade  Range. 
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Jefferson. 

Elevation  268  feet. 
Population  415* 
Seattle  257  miles. 


Albany. 

Elevation  240  feet. 
Population  4,275. 
Seattle  266  miles. 
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1  Trips  over  these  branches  give  the 
traveler  interested  in  geology  and  in  the 
relations  of  mountains  to  valleys  an  oppor- 
tunity to  study  a  partial  cross  section  of 
the  Pacific  System,  including  the  Oregon 
Coast  Range,  the  Willamette  Valley,  and 
part  of  the  Cascade  Range. 

At  Corvallis,  on  the  way  to  the  coast, 
is  the  Oregon  Agricultural  College,  a  State 
institution  with  which  is  connected  a 
Federal  agricultural  experiment  station. 
Here  also  are  the  headquarters  of  the  Ore- 
gon Bureau  of  Mines  and  Geology.  There 
were  28  graduate  and  1,250  undergradu- 
ate students  at  the  college  in  1913 .    Sand- 


stones of  Eocene  age  form  the  foot 
west  of  the  Willamette  Valley  and  f^ 
belonging  to  that  epoch  occur  near 
vallis.  The  crest  of  the  Coast 
composed  of  Astoria  shale  (Oligocj 
but  farther  west,  at  Yaquina  Bay, 
the  branch  railroad  ends,  Mioceni 
Pleistocene  fossils  are  abundant. 

The  Corvallis  &  Eastern  Rai] 
branch  of  the  Southern  Pacific 
east  from  Albany,  follows  up  Si 
River,  passes  some  sharp  basalt  bul 
the  valley,  and  apparently  crosses 
of  Eocene  strata  before  reaching  th< 
of  the  Cascade  Range. 
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Shales  and  sandstones ;  sediments  largely  of  volcanic 
material  (Miocene) 

Sandstones  and  shales ;  sediments  largely  of  volcanic 
material  (Eocene) 
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For  19  miles  south  of  Albany  the  railroad  runs  through  a  highly 
productive  grain  and  hay  country.  Oats  and  wheat  are  the  principal 
grains  produced  and  clover  is  grown,  chiefly  for  seed.  Vetch  is  sown 
with  grain  to  some  extent  to  make  hay,  but  most  of  the  hay  crop  is 
made  from  native  grasses,  which  are  cured  and  baled  for  market. 
From  Albany  Junction  to  a  point  a  few  miles  south  of  Halsey,  a 
distance  of  about  20  miles,  the  track  runs  due  south  as  the  crow  flies. 
The  station  called  Tangent  is  a  few  miles  south  of  Albany  Junction. 

At  the  little  town  of  Shedd  (see  sheet  5,  p.  40)  there  is  a  creamery 
and  also  a  flour  mill.    On  the  left  (east),  2}  miles  away,  is  Saddle 

Butte,  a  volcanic  cone  from  which  basaltic  rock  is 
Shedd.  obtained  for  use  in  road  making.    A  number  of  these 

Elevation  290  feet.       cones,  each  marking  a  volcanic  vent,  probably  of 

Seattle  278  miles.  ._,  .  °       .  -,         ,        i  rm 

Eocene  age,  rise  near  the  valley  border.  They  are 
surrounded  by  alluvium  washed  into  the  valley,  and  a  little  cone 
between  Shedd  and  Saddle  Butte  is  nearly  buried  by  these  uncon- 
solidated valley  deposits. 

About  6  miles  beyond  Halsey,  in  the  vicinity  of  Alford,  near  mile- 
post  667,  good  views  can  be  had  of  the  irregular  crest 
_^  of  the  Coast  Range  on  the  right  and  the  foothills  of 

the  Cascade  Range  on  the  left, 
population  337.  Harrisburg  lies  between  Muddy  Creek   and  the 

Seattle  283  miles.        Willamette,  in  a  country  where  shifting  meandering 

streams,  with  many  islands,  make  hard  problems  for 
Harrisburg.  the  agriculturist.    As  a  preliminary  step  to  the  work 

Elevation  336  feet.       of  reclamation  by  drainage,  the  Federal  and  State 
soSueawinfl  governments  are  cooperating  in  making  large-scale 

topographic  maps  of  this  part  of  Willamette  Valley. 

Near  Junction  City  fields  of  grain  and  hay  abound  and 

June  on     iy.        flowers  adorn  the  roadside.    Just  beyond  the  station  on 

^o^tonTsT1'       the  lef t  (easfc)  the  Uttle  blue  toadflax  shines  out.     In 
Seattle  296  miles.        June  the  bright  blue,  purple,  or  white  chicory,  the  pink 

malva,  and  the  yellow  poppy  give  beauty  to  the  scene. 
Irving.  In  the  vicinity  of  Irving  groves  of  English  walnuts 

Elevation  406  feet.       an(^  orchards  of   apples,  prunes,  and  peaches,  with 
Population  867*         large  patches  of  loganberries  and  other  small  fruits, 

alternate  with  fields  of  wheat,  oats,  corn,  and  grass. 

Beyond  Irving  the  hills  begin  to  close  in  on  the  valley 
from  both  sides. 

As  the  train  enters  Eugene,  an  attractive  city  at  the  head  of  the 
wide  part  of  Willamette  Valley,  Skinner  Butte,  which  rises  260 

feet  above  the  track  and  has  a  quarry  on  its  north 
Eugene.  slope,  is  seen  near  by  on  the  left.    The  well-marked 

Elevation  453  feet.       columnar  structure  of  its  basalt  is  clearly  visible 
Seattle  309  miles!        and  illustrates  the  character  of  many  of  the  buttes 

farther  north  in  the  Willamette  Valley.  All  these 
buttes  are  composed  of  solid  basaltic  lava  and  appear  to  be  the 


38  GUIDEBOOK  OF   THE  WESTERN   UNITED  STATES. 

remnants  of  ancient  volcanoes  that  have  been  subjected  to  long 
erosion  and  worn  down  to  their  solid  cores  or  hard  central  parts, 
called  plugs  because  they  fill  the  opening  through  which  the  lava 
had  been  ejected.  < 

At  the  University  of  Oregon,  in  Eugene,  is  the  large  collection  of 
fossils  made  by  Prof.  Thomas  Condon,  who  in  his  day  did  much  to 
interpret  the  geology  of  Oregon. 

A  stage  line  up  McKenzie  River,  the  largest  tributary  of  the 
Willamette,  which  enters  the  valley  near  Eugene,  leads  to  the  Blue 
River  mining  district  and  gives  access  to  the  hunting  and  fishing 
grounds  about  the  Three  Sisters,  snow-clad  peaks  that  carry  the 
largest  glaciers  in  Oregon.  The  extent  of  these  glaciera  during  the 
glacial  epoch  has  not  been  determined.  An  ice  stream  of  considerable 
size  probably  once  occupied  the  basin  at  the  head  of  the  McKenzie, 
but  no  evidence  of  glaciation  has  been  recognized  in  the  lower  McKenzie 
Valley.  Stray  bowlders  found  at  a  number  of  places  in  the  Willam- 
ette Valley  have  been  more  or  less  doubtfully  attributed  to  ice  float- 
ing in  a  body  of  water  which  Prof.  Condon  named  Willamette  Sound. 

Railroad  cuts  on  a  branch  now  being  built  from  the  main  line  at 
Eugene  across  the  Coast  Range  to  Coos  Bay  will  no  doubt  display 
good  sections  of  the  Eocene  sediments  of  which  this  part  of  the  range 
is  largely  composed.  Another  branch  runs  southeastward  from 
Eugene  up  the  valley  of  the  Middle  Fork  of  the  Willamette  to  Oak 
Ridge.  This  branch  when  extended  across  the  Cascade  Range  and 
connected  with  a  line  already  built  from  Weed,  CaL,  to  Kirk,  Oreg., 
by  way  of  Klamath  Falls  will  form  the  main  line  of  the  Southern 
Pacific  from  Eugene  to  Weed.  This  route  will  avoid  the  deep  cross- 
drainage  valleys  of  Umpqua,  Rogue,  and  Klamath  rivers,  will  make 
Crater  Lake  National  Park  more  easily  accessible,  and  will  be  superior 
in  scenic  and  geologic  interest  to  the  route  now  followed. 

The  rock  underlying  Eugene  is  a  f  ossilif erous  gray  sandstone  of  Ter- 
tiary age. 

The  University  of  Oregon  is  passed  on  the  right  (southwest)  a 
mile  from  the  station  at  Eugene.    A  mile  farther  on  may  be  seen 

an  abandoned  quarry  of  the  fossiliferous  sand- 
Springfield  Junction.  stone>  3^0  on  the  right.  Beyond  it  the  railroad 
Elevation  474  feet.  passes    through    an    area   of    basalt   hills,    suc- 

ceeded by  shales.  At  Springfield  Junction  the 
shales  give  place  to  a  gray  sandstone  full  of  marine  shells  like 
those  seen  nearer  Eugene.  This  fossiliferous  sandstone  may  be 
seen  in  an  old  quarry  on  the  right  side  of  the  railroad.  Half  a 
mile  beyond  Springfield  Junction  are  bluffs  of  fragmental  volcanic 
material  (tuffaceous  conglomerate),  which  continue  for  nearly  a  mile. 
This  material  is  cut  by  dikes  of  basalt,  which  may  be  seen  along  the 
banks  of  the  river.  After  passing  these  the  railroad  takes  final  leave 
of  Willamette  River  and  in  a  climb  of  20  miles  surmounts  the  low 
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divide  between  the  Willamette  and  the  Umpqua.  For  nearly  200 
miles  now  the  route  is  in  the  area  of  generally  hilly  country  which,  as 
noted  in  the  preliminary  sketch  of  the  region,  separates  the  Willamette 
Valley  from  the  Great  Valley  of  California  and  links  the  Oregon  Coast 
Range  and  Klamath  Mountains  with  the  Cascade  Range  and  the 
Sierra  Nevada.  From  Eugene  nearly  to  Greens,  a  distance  of  80 
miles,  the  route  traverses  Eocene  sedimentary  or  eruptive  rocks 
except  where  these  are  covered  by  alluvium. 

At  Goshen  basalt  forms  the  hill  directly  opposite  the  station  and 
extends  at  least  to  Spencer  Butte,  a  prominent  peak  of  the  same 

material,  which  soon  comes  into  view  on  the  right 
(west).      Between  Mathews  and  Creswell  is  a  wide 
%£!£^       Wretch  of  alluvial  plain  on  which  are  young  orchards 
seatti©  312  miles.        of  a  great  variety  of  fruit  trees.     From  Goshen  south- 
ward the  valley  narrows  to  Walker,  being  bounded  on 
CresweU#  the  left  (east)  by  the  end  of  a  bold  spin*  of  lava  from 

Efc™*"^  ***.  the  Cascade  Range.  The  low  hills  on  the  right  consist 
Seattle  321  miles.        mainly  of  sandstones  and  shales,  of  Miocene  age,  but 

at  one  point  a  mile  east  of  Saginaw  basalt  occurs  on 
the  right  and  is  crushed  for  road  material. 

A  branch  line  from  Cottage  Grove  runs  up  Row  River  into  the 
Cascade  Range,  toward  the  Bohemia  mining  district,  which  has  pro- 
duced gold  for  many  years.  Gold  was  discovered 
Cottage  Grove.  here  in  1858,  and  the  total  production  has  been  be- 
Elevation  67i  feet.  tween  $300,000  and  $400,000.  The  gold-bearing 
seSue^m^.        quartz  veins  of  this  district  traverse  Tertiary  lavas. 

Quicksilver  ore  occurs  at  several  places  in  this  region, 
and  an  attempt  has  been  made  to  mine  it  at  Black  Butte,  on  the  Coast 
Fork  of  the  Willamette  17  miles  south  of  Cottage  Grove. 

The  Southern  Pacific  Co.  has  a  plant  at  Latham  for  treating  wooden 
railroad  ties  with  chloride  of  zinc  to  increase  their  durability.    This 

treatment  is  called  burnettizing,  from  Sir  William 

Burnett,  who  patented  the  process.  Without  treat- 
settle  331  miles.  ment  the  tieg  last  about  six  yeaJS?  bu<.  when  bumett_ 

ized  they  last  eight  years.  Dated  nails  are  put  in  all  the  ties,  of 
which  more  than  3,000  are  treated  daily. 

Leaving  the  Coast  Fork,  the  railroad  ascends  a  branch  valley  to 
the  low  pass  across  Calapooya  Mountain  that  separates  the  drainage 

basin  of  the  Willamette  from  that  of  the  Umpqua. 
Divide.  Calapooya  Mountain  is  the  most  northerly  of  the 

Elevation  779  feet.       transverse  ridges  from  the  Cascades  to  the  Coast 

Se&ttle  335  miles 

Range  and  is  composed  of  Eocene  sediments  and 
iiltxusiveigneous  rocks  succeeded  on  the  east  by  later  Tertiary  lavas. 
TheTemtce3Tilopes  of  this  pass  suggest  that  formerly  Umpqua  River 
flowed  through  it  and  joined  the  Willamette.  In  the  course  of  time, 
however,  its  waters  found  a  shorter  way  through  the  Coast  Range 
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to  the  sea.1     Igneous  rocks  appear  near  by  on  the  right  in  the  divide 
and  on  the  left  in  Wards  Butte. 

The  railroad  now  enters  the  Umpqua  basin  and  continues  in  it  for 
over  100  miles.  In  the  descent  down  Pass  Creek  may  be  seen  out- 
crops of  tuffaceous  conglomerate  (formed  of  volcanic  fragments), 
which  is  quarried  here  and  there  for  riprapping  the  roadbed.  As 
the  general  dip  of  these  rocks  is  northeastward,  successively  older 
strata  appear  in  the  course  of  the  southwestward  descent.  Near 
milepost  619,  on  the  right,  is  an  old  quarry  in  sandstone  which  con- 
tains numerous  fossil  leaves  of  Miocene  or  Eocene  age. 

At  Comstock  there  are  traces  of  coal  in  the  sandstones,  and  a  few 
Eocene  shells  have  been  found.     The  valley  of  Pass  Creek  in  general 

is  narrow  and  lies  between  wooded  hills  of  fine  fir 
timber.  Here  and  there,  however,  it  widens,  and 
fields  of  hay  and  grain  extend  for  some  distance  up 
the  hillsides.  Lumbering  is  still  the  principal  industry 
of  the  region.  Anlauf ,  Safely,  and  Leona  are  passed 
between  Comstock  and  Drain. 


Comstock. 

Elevation  476  feet. 
Population  321.* 
Seattle  339  miles. 


1 A  cross  section  of  the  valley  cut 
through  the  Coast  Range  by  the  Umpqua 
shows  certain  features  that  throw  light  on 
the  later  geologic  history  of  the  region. 
In  the  first  place,  if  the  section  given  in 
figure  7  were  extended  it  would  show  that 
the  summits  of  the  hills  north  and  south  of 
the  river  are  more  or  less  flat  and  at  nearly 
the  same  level.  An  observer  standing  on 
one  of  these  hills  and  looking  over  the 


Figure  7.-  Generalized  section  of  Umpqua  River 
valley  in  Coast  Range,  Oreg.  a,  Peneplain;  b, 
earlier  valley;  c,  later  valley. 

country  could  disregard  the  present  val- 
leys and  imagine  that  his  vision  was 
sweeping  over  a  vast  rolling  surface  that 
was  nearly  level — a  peneplain.  The  im- 
agination would  merely  be  recalling  what 
was  once  reality — a  land  surface  worn 
down  nearly  to  sea  level  through  long 
erosion  by  raiif  and  streams.  The  Umpqua 
flowed  across  this  surface  to  the  sea. 

The  next  event  was  a  slow  rise  of  the 
land,  in  consequence  of  which  the  river 
began  to  flow  faster  and  to  deepen  its  val- 
ley. After  it  had  cut  down  to  a  consider- 
able depth  the  upward  movement  of  the 


land  apparently  ceased  for  a  time  and  the 
river  stopped  cutting  and  began  to  mean- 
der and  thus  to  widen  its  valley.  Later 
the  upward  movement  of  the  land  was 
renewed  and  the  river  again  began  to  cut 
down  its  bed,  leaving  remnants  of  |ts  old 
valley  floor  as  benches  or  terraces  along 
the  sides  of  its  present  valley. 

A  similar  relation  of  peneplain,  terrace, 
and  present  valley  bottom  can  be  deci- 
phered along  nearly  all  the  larger  stream? 
of  the  Klamath  Mountains  and  adjacent 
parts  of  the  Coast  Range.  This  shows 
that  a  large  area  was  affected  by  the  same 
vertical  movements  of  the  land. 

The  Umpqua  flows  through  the  Coast 
Range  to  the  sea  in  a  direct  course,  which 
presents  a  strong  contrast  with  its  mean- 
dering course  east  of  the  range.  This  dif- 
ference is  due  to  the  fact  that  in  the  rela- 
tively hard  rocks  of  the  Coast  Range  the 
stream  has  been  busily  cutting  down  and 
has  not  remained  long  enough  at  any  one 
level  to  widen  its  valley  greatly.  In  the 
area  east  of  the  Coast  Range  tha  river  has 
probably  flowed  over  softer  rocks  and  at 
some  stages  in  its  history  has  had  time, 
between  periods  of  active  downward  cut- 
ting, to  swing  from  side  to  side,  widen  its 
valley,  and  establish  graceful  meanders 
after  the  common  habit  of  .low-grade 
streams. 
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At  Drain  the  railroad  crosses  Elk  Creek  and  enters  a  gorge  cut  in 
hard  basaltic  rock,  illustrating  the  fact,  already  pointed  out,  that 

where  the  rock  is  hard  erosion  is  slow  and  the  stream 
Drain.  valleys  are  narrow,  but  where  the  rocks  are  soft,  as 

Elevation  324  feet      north  of  Drain  and  near  Yoncalla,  erosion  is  more 

stage  line  from  Drain  down  Elk  Creek  and  the  Umpqua 
reaches  tidewater  at  Scottsburg,  about  25  miles  from  the  coast. 

Near  milepost  606,  on  the  right  (west),  is  a  mineral  spring  (Bozwell 
wSpring). 

From  Yoncalla  Valley  (see  sheet  6,  p.  46)  grain  fields,  orchards, 

and  flowered  pastures  sweep  up  the  gentle  hillsides. 
Yoncalla.  Many  of  the  hills  in  this  vicinity  are  composed  of 

Elevation  386  feet.       Eocene  sediments,  but  some  may  have  been  carved 
Seattle  353  miles,        from  basaltic  lavas.    The  rocks  to  be  seen  on  the 

long  ascent  to  Rice  Hill  are  largely  shale  and  sand- 
stone, but  include  a  small  mass  of  basalt.     At  the 
SS^^T       summit  early  in  June  are  golden  fields  of  St.  John's 

wort  (Hypericum),  locally  called  goat  weed. 
Half  a  mile  north  of  Oakland  the  railroad  crosses  Calapooya 
Creek,  just  beyond  which,  on  the  left,  is  a  small  lens  of  impure  lime- 
stone of  Eocene  age  that  contains  great  numbers  of 
Oakland.  fossils.    To  the  right,  beyond  the  station,  can  be  had 

Elevation  4M  feet.       a  view  of  Tyee  Mountain,  a  part  of  the  Coast  Range. 

se^Tawn^os.        ^^  range  fe  more  even  crested  here  than  it  is  farther 

north.  Turning  to  the  left  the  railroad  goes  through 
a  sandstone  ridge,  near  which  are  some  tile  works,  and  comes  out 
on  the  flat  valley  called  Camas  Swale,  where  the  thriving  town  of 
Sutherlin  has  recently  sprung  up.  Camas  Swale  was  once  occu- 
pied by  Calapooya  Creek,  but  long  before  man  had 
Sutherlin.  any  knowie(ige  of  the  region  the  creek  deserted  this 

Elevation  548  feet.       valley  for  its  present  course,  north  of  Oakland,  rejoin- 
seattie37o  ^  ^e  Q\^  channel  just  below  Stephens.    Man  has 

since  compelled  part  of  the  water  of  the  creek  to  return  to  the  old 
valley,  where  it  is  used  for  irrigating  numerous  thrifty  orchards  and 
productive  fields.  To  the  west  may  be  seen  the  Coast  Range  and, 
nearer  at  hand,  the  entrance  to  the  crooked  canyon  through  which 
Umpqua  River  runs  northward  to  the  mouth  of  Elk  Creek,  west  of 
Drain,  before  turning  to  the  sea.  South  of  Camas  Swale,  to  the  left 
(east)  of  the  track,  are  prominent  hills  of  Eocene  sandstone.  Near 
Wilbur  the  sandstone  is  accompanied  by  masses  of  a  rather  coarse- 
grained basaltic  rock  called  diabase.  This  rock  is  believed  to  have 
been  forced  in  a  molten  condition  through  the  sand  that  was  later 
consolidated  into  the  Eocene  sandstone  while  that  material  was  being 
deposited  on  the  sea  bottom  and  to  have  been  in  turn  covered  by 
more  sand.     During  the  period  of  eruption  deposits  of  tuff,  made  up 


42  GUIDEBOOK  OP  THE  WESTERN  UNITED  STATES. 

of  fragments  of  the  diabase,  were  also  formed.  This  tuff  contains 
fossils  of  the  same  kinds  that  are  found  in  the  sandstone.  As  Wilbur 
is  approached  some  of  the  sandstone  may  be  seen  overlying  the 
diabase  and  forming  prominent  bluffs  on  the  left  side. 

Beyond  Wilbur  the  railroad  crosses  some  Eocene  sandstone  and 
then  enters  an  area  of  diabase  which  extends  to  Winchester.     Here 

North  Umpqua  River  is  crossed.  To  the  left  is  a  mill 
Wilbur.  dam,    a   place   of   fascinating   interest   during    the 

Elevation  493  feet.  salmon  season,  when  the  big  fish  endeavor  to  jump 
Population  354*         over  ^he  (jam  instead  of  going  up  the  fish  ladder. 

Between  Winchester  and  Roseburg  the  railroad 
crosses  two  areas  of  Eocene  sandstone,  but  these  are 
entirely  surrounded  by  diabase,  which  continues  to 

Elevation  482  feet.         ,      Av  ii.ii  it  ±  t  r* 

Seattle  379  miles.        be  the  prevalent  rock  along  the  route  as  far  as  Green, 

30  miles  from  Winchester. 

A  mile  north  of  Roseburg  the  railroad  reaches  South  Umpqua  River, 
which  unites  with  the  North  Umpqua  to  form  the  main  stream  in 
Garden  Valley,  a  few  miles  to  the  northwest.  At  the  left  are  bluffs  of 
lava  in  which  are  inclosed  some  fragments  of  Eocene  shale,  as  shown 
in  Plate  XIII  (p.  35).     Deer  Creek  is  crossed  just  north  of  the  town. 

From  Roseburg,  which  is  the  seat  of  Douglas  County,  a  stage  line 

runs  across  the  Coast  Range  to  Myrtle  Point  and  Coos 
Roseburg*  Bay.     This  bay  is  one  of  the  important  harbors  of  the 

Elevation  487  feet.       west  coast  and  the  port  of  shipment  for  the  Coos  Bay 

seTttto^T^        coai  fidd>  wllicl1  produces  more  coal  than  any  other 

field  in  Oregon. 

The  bold  hills  about  Roseburg  are  all  composed  of  diabase.  About 
15  miles  northeast  of  the  town,  on  Little  River,  a  tributary  of  the 
North  Umpqua,  above  Glide,  Eocene  fossils  are  abundant. 

A  mile  south  of  Roseburg  the  deeply  decomposed  diabase  affords 
good  examples  of  spheroidal  weathering.  Specimens  were  collected 
here  for  the  educational  series  of  rocks  prepared  by  the  United  States 
Geological  Survey  and  distributed  in  1898  to  all  the  higher  educa- 
tional institutions  of  the  country. 

At  Green  there  is  a  sudden  change  to  the  older  rocks  that  compose 
the  Klamath  Mountains — conglomerates,  sandstones,  and  shales  of 

Cretaceous  age,  associated  with  more  siliceous  rocks, 
Gfeen*  hard  sandstones,  and  cherts  of  Jurassic  age,  and  slates, 

Elevation  637  feet.       limestones,  and  greenish  lavas  of  Devonian  and  Car- 

Seattle  389  miles.  ,        -, 

bonif  erous  age. 
The  core  of  the  Klamath  Mountains  is  composed  of  large  masses 
of  granitic  rocks  and  serpentine,  which  are  intruded  into  the  Devon- 
ian, Carboniferous,  and  Jurassic  rocks  just  mentioned.  These 
older  sedimentary  rocks  cross  the  country  traversed  by  the  railroad 
between  Roseburg  and  Medford,  occurring  in  belts  running  northeast- 
ward toward  the  Blue  Mountains. 


SHASTA  ROUTE — SEATTLE  TO  SAN  FRANCISCO.  43 

The  hills  at  Green  are  smooth  and  rounded  and  for  the  most  part 
without  trees.  The  rocks  of  which  they  are  composed  are  of  Meso- 
zoic  age,  mainly  sandstones  and  shales,  with  some  conglomerate. 
These  rocks  are  greatly  crushed  along  a  belt  running  northeastward. 
Southwest  of  Green  station  they  are  associated  with  a  schist  com- 
posed largely  of  the  beautiful  blue  mineral  glaucophane.  This 
mineral,  which  is  a  rather  rare  variety  of  hornblende,  is  found  in 
only  a  few  parts  of  the  world  outside  of  Oregon,  Washington,  and 
California.  With  the  glaucophane  schist  near  Green  occur  a  green- 
ish mica  schist,  some  flintlike  rocks  commonly  called  cherts,  and  a 
greenish  igneous  rock,  referred  to  as  greenstone,  which  has  been  so 
much  altered  that  its  original  character  is  in  doubt.  The  best 
exposure  of  the  blue  schist  is  three-fourths  of  a  mile  southwest  of 
some  farm  buildings  on  the  right  (west)  at  milepost  567. 

This  is  the  only  area  near  the  Shasta  Route  in  which  these  crystal- 
line schists  occur.  On  the  other  hand,  the  sandstones  and  shales 
with  which  the  schists  are  associated  occupy  a  large  area  that  is 
traversed  between  Green  and  Dole,  a  distance  of  about  13  miles. 

At  Cames,  nearly  1J  miles  beyond  Green,  there  is  a  view  to  the 
left  up  Roberts  Greek  to  Dodson  Mountain,  a  prominent  peak  stand- 
ing 3,235  feet  above  sea  level.  In  the  distance  are  some  outcrops 
of  a  limestone  which  is  used  for  lime  and  cement. 

At  milepost  565  the  South  Umpqua  is  reached  again  by  the  rail- 
road, which  follows  its  right  (east)  bank.  Along  the  stream  the 
crushed  sandstones  and  shales  are  well  exposed  to  view. 

Between  Dillard  and  Dole  the  river  cuts  through  a  ridge,  thereby 
making    many    fine    exposures    of    the    sandstones    and    shales. 

Fossils  have  been  found  at  many  places  in  the 
MBani-  belt   of   rocks   just   traversed,    but   opinions   differ 

Elevation  546  feet.       ag  (^  whether  the  rocks  are  all  Cretaceous  or  in 

Seattle  395  miles. 

part  Jurassic. 
From  Dole  (Ruckels  post  office)  may  be  seen  ahead,  on  the  left,  two 
ridges — one  wooded,  the  other  bare.    The  absence  of  trees  on  the 

second  ridge  is  due  to  the  fact  that  it  is  composed  of 

serpentine,  a  rock  containing  much  magnesia  and 
^^SzmDs^'      yielding  an  unfertile  soil.    Serpentine  is  an  altered 

form  of  certain  igneous  rocks  that  are  as  a  rule  dark 
and  heavy  and  contain  more  magnesia  and  iron  than  ordinary 
igneous  rocks.  Their  characteristic  mineral  is  olivine  or  peridot,  and 
on  this  account  they  are  called  peridotites. 

At  milepost  553  the  serpentine,  which  forms  a  belt  more  than  a 
mile  in  width,  is  visible  close  at  hand.  At  milepost  551.4  it  is  cut 
by  dikes  of  porphyry,  an  igneous  rock  containing  crystals  that  are 
noticeably  larger  and  more  distinct  than  those  which  make  up  most 
of  the  rock. 
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Myrtle  Creek. 

Elevation  637  feet. 
Population  429. 
Seattle  400  miles. 


A  small  cut  at  milepost  551  shows  some  lino  conglomerate  and 
sandstone  lying  at  the  base  of  a  large  mass  of  Lower  Cretaceous 
sedimentary  rocks  (the  Myrtle  formation),  over  which  the  railroad 
runs  for  nearly  10  miles. 

About  12  miles  northeast  of  Myrtle  Creek  station,  up  the  creek, 
considerable  gold  has  been  obtained  by  washing  the  gravels  (placer 

mining),  chiefly  the  gravels  that  overlie  the  igneous 
rocks  of  the  region.     Beyond  Myrtle  Creek  the  rail- 
road crosses  South  Umpqua  River  and  runs  for  some 
miles   along   the   western   border   of   the  Missouri 
Bottom,  where  many  kinds  of  fruits  and  grains  are 
grown.    On  the  right  (west)  is  a  prominent  ridge  of  Cretaceous 
sandstone  and  conglomerate  (Myrtle  formation).    These  beds  lap  up 
over  the  serpentine  of  the  ridge  beyond. 

At  Riddle,  in  Cow  Creek  valley,  the  rocks  contain  many  Cretaceous 
fossils,  both  plants  and  marine  animals,  and  among  the  hills  to  the 

southwest,  on  Thompson  Creek,  there  are  also  beds 
containing  large  numbers  of  Jurassic  fossil  plants. 

Farther  down  the  valley,  among  grain  fields  and 
prune  orchards,  may  be  seen  on  the  right  (northwest) 
a  prominent,  thinly  wooded  mountain  of  serpentine, 
in  which  there  is  a  deposit  of  green  silicate  of  nickel  (garnierite). 
This  mineral  is  extensively  mined  for  nickel  in  the  island  of  New 
Caledonia,  east  of  Australia,  but  the  Oregon  deposit  has  not  yet  been 
successfully  worked. 

The  distant  bare  hills  seen  to  the  right  near  the  head  of  the  valley 
are  composed  of  serpentine,  but  the  bluffs  nearer  at  hand,  on  both 
sides  of  the  track,  consist  of  Eocene  sedimentary  rocks.  Beyond 
these  is  the  entrance  to  Cow  Creek  canyon,  which  has  been  cut 
through  the  serpentine  belt  of  Nickel  Mountain.  The  serpentine 
areas  can  generally  be  recognized  from  a  distance  by  their  greenish 
color  and  barren  aspect.  In  places,  however,  they  are  covered  with 
wild  azalea  bushes,  which  suggested  the  name  Azalea  for  the  now 
abandoned  post  office  at  the  mouth  of  Doe  Creek. 

Between  Iron  Mountain  (milepost  533)  and  Nichols  shales  and 
sandstones  are  exposed  along  Cow  Creek  and  have  yielded  large 
collections  of  fossil  leaves  of  Jurassic  age,  as  noted  below  by  F.  H. 
Knowlton.1    Many  of  these  leaves  belong  to  various  species  of  ginkgo, 


Riddle. 

Elevation  733  feet. 
Population  187. 
Seattle  413  miles. 


1  The  flora  of  the  Jurassic  period  is  in 
many  ways  one  of  the  most  remarkable 
fossil  floras  known.  Although  not  large — 
it  contains  probably  less  than  200  known 
species — it  is  practically  world-wide  in 
distribution,  ranging  from  King  Karl's 
Land  (82°  N.)  on  the  north  to  Graham 
Land  (62°  S.)  on  the  south,  and  has  been 


found  in  nearly  every  country  on  the 
globe.  It  is  especially  abundant  in  the 
western  hemisphere,  occurring  in  Spite- 
bergen,  King  Karl's  and  Franz  Joeef 
lands,  Greenland,  Siberia,  Alaska,  and 
abundantly  in  Oregon  and  California. 

The  luxuriant  vegetation  and  magni- 
ficent  forests  of  western  and  southern 
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or  maidenhair  tree,  so  called  because  its  leaves  resemble  in  shape 
those  of  the  maidenhair  fern.    The  ginkgo  no  longer  grows  wild  on 


Oregon  give  ho  impressive  an  air  of  per- 
manence and  solidity  that  it  seems  an 
if  the  conditions  now  found  there  must 
have  been  unchanged  from  the  beginning 
of  time,  yet  we  have  but  to  turn  to  the 
study  of  the  vegetation  entombed  in  the 
wayside  rocks  to  prove  conclusively  that 
during  Jurassic  time  the  land  was  clothed 
with  a  flora  totally  unlike  that  which  now 
covers  it.  In  the  Jurassic  period,  whose 
antiquity  can  be  measured  only  in  mil- 
lions of  years,  the  dominant  types  of 
vegetation  were  ferns  and  cycads,  which 
were  accompanied  by  smaller  numbers  of 
conifers,  horsetails,  and  the  curious 
ginkgo.  The  types  dominant  in  the  flora 
of  to-day  are  the  monocotyledons  (grasses, 
sedges,  lilies,  palms,  etc.)  and  the  still 
more  abundant  dicotyledons  (oaks,  elms, 
maples,  etc.),  but  so  far  as  we  know  no 
plants  belonging  to  either  of  these  great 
groups  existed  in  Jurassic  time. 

A  few  miles  southwest  of  Riddle  there 
has  been  found  a  flora  of  about  70  species, 
making  this  one  of  the  richest  localities  in 
the  world  for  plants  of  Jurassic  age.  Of 
these  species  about  20  are  ferns,  30  are 
cycads,  and  10  are  conifers,  and  the 
remainder  belong  to  a  number  of  more  or 
less  doubtful  groups. 

The  largest  number  of  ferns  belong  to 
the  extinct  genus  Cladophlebis,  mainly 
rather  small  ferns  with  much-divided 
fronds.  Another  wholly  extinct  form  is 
Tseniopteris,  which  has  long,  narrow 
fronds  similarin  type  to  the  grass  fern, 
now  found  in  this  country  only  in  Florida. 
Adian tiles  is  believed  to  be  one  of  the  an- 
cestors of  the  maidenhair  ferns,  of  which 
there  are  many  living  species.  There 
are  also  three  that  are  thought  to  belong 
to  living  genera— Dicksonia,  which  is  not 
uow  found  in  this  country;  Polypodium, 
which  is  now  a  very  large,  mainly  tropical 
group,  though  a  few  small  species  are 
found  in  temperate  lands;  and  Thyrsop- 
teris,  a  fern  with  finely  divided  fronds, 
the  only  living  representative  of  which  is 
a  species  in  the  island  of  Juan  Fernandez. 

The  cycads  were  not  only  the  most 
abundant  as  regards  different  kinds  but 
in  individuals  as  well,  some  collections 


containing  literally  hundreds  of  speci- 
mens. They  all  belong  to  extinct  types, 
and  many  of  them  were  evidently  large 
plants,  probably  with  thick  stems  or  pos- 
sibly with  trunks,  at  the  top  of  which  grew  , 
large  compound  leaves  disposed  in  a 
circle  or  crown. 

One  of  the  most  abundant  and  con- 
spicuous plan  ts  of  this  flora  was  the  ginkgo, 
of  wbich  four  or  five  species  have  been 
found  here.  The  ginkgo  is  now  repre- 
sented by  a  single  species  in  China  and 
Japan,  where  it  is  a  more  or  Ipse  sacred 
tree,  found  about  the  temples.  It  is  not 
certainly  known  to  exist  in  a  truly  wild 
state  anywhere.  This  tree  has  had  per- 
haps a  more  wonderful  history  than  any 
other  now  living.  It  appeared  at  least  as 
early  as  the  close  of  the  great  Paleozoic 
era.  and  by  or  even  before  the  Mesozoic 


era  it  had  waxed  mighty  and  had  spread 
over  most  of  the  world  except  the  ex- 
treme southern  hemisphere.  It  has  come 
down  to  us  so  little  changed  that  some  of 
the  leaves  from  the  Jurassic  rocks  of  Ore- 
gon, apart  from  their  fossil  character,  arc 
distinguished  with  difficulty  from  those 
of  the  living  tree.  (See  fig.  8.)  Had  it 
not  been  for  the  fostering  care  of  man  the 
genus  would  apparently  have  become 
extinct  several  centuries  ago. 

Associated  with  the  ginkgo  leaves  in 
many  of  the  Jurassic  deposits  of  Oregon 
are  a  few  branchlets  of  strange  conifers, 
such  as  Sphenolepidium.  Pagiophyllum, 
and  Brachyphyllum ;  also  a  few  forms 
that  are  referred  with  more  or  less  un- 
certainty to  living  genera, such  as  Pinus 
(pine),  Sequoia  (redwood),  Araucaria, 
and  Taxites  (yew). 
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this  continent,   but  it   has  been  introduced   from  Japan  and   is 

common  m  many  of  our  cities.    The  rocks  in  which  these  leaves  are 

found  belong  to  a  formation  not  yet  finally  named. 

From  Nichols  station  a  backward  view  may  be  had  of  the  great 

fiat  top  of  Table  Mountain,  which  is  made  up  of  horizontal  Eocene 

strata.    Cow  Creek  Canyon  near  Nichols  has  a  depth 

of  about  1,000  feet  and  is  well  wooded,  though  in  a 
Seattle  425  mite.        few  plftce8  the  wood9  ^  marre(i  by  fire.    The  most  Jnf 

abundant  trees  are  firs,  to  which  the  madronas,  with  their  red-brown 
bark  and  shiny  oval  leaves,  afford  a  pleasing  contrast. 

South  of  Nichols  station  the  fossiliferous  Eocene,  Cretaceous,  and 
Jurassic  strata  are  succeeded  by  a  very  thick  series  of  sandstones 
and  shales,  which  form  the  slopes  of  Cow  Creek  canyon  for  nearlyj 
15  miles.     No  fossils  have  been  found  in  them  in  this  area, 
great  mass  of  sandstones  and  shales  (the  Dothan  formation,  of  Juras-I3^ 
sic  age)  is  much  crushed,  so  that  the  layering  characteristic  of  rockaj^ 
that  have  been  deposited  in  water  has  been  obscured. 

From  West  Fork  mail  is  carried  over  a  trail  to  the  lower  Rogucf5*rf 
River  country  and  to  Gold  Beach,  on  the  coast.    About  3  miles  sout     ' 

of  West  Fork  a  large  slide  occurred  some  years  ag 
West  Fork.  on  ^e  west  slope  of  the  canyon  and  blocked  y ailroa  J  rj 

Elevation  1,060  feet,     traffic  completely  for  three  months.     Four  miles 

Belittle  436  Hiflan,  *  ■/  ^ 

track  had  to  be  changed  and  two  new  tunnels  cutfT^ 
At  a  number  of  places  along  this  part  of  Cow  Creek  old  stre 
gravels,  lying  on  hillside  benches  above  the  channel  of  the  prese 
creek,  have  been  worked  for  gold. 

About  4  miles  beyond  West  Fork  the  sandstones  and  shales  of  t  hi 
Dothan  formation  are  succeeded  by  a  much  more  variable  set 
rocks,  chiefly  slates  and  greenstones.  The  slates  are  known  as  thlLwf 
Galice  formation,  from  the  mining  district  of  that  name  in  the  Kl 
math  Mountains,  farther  south.  They  contain  fossils  which  are  sin 
lar  to  those  collected  from  the  slates  (Mariposa  slate)  of  the  got 
region  of  the  Sierra  Nevada,  in  California,  and  which  indicate  Jur 
sic  age.  The  Galice  formation  is  older  than  the  Dothan  formatioi-.^ 
and  ought  normally  to  lie  beneath  it,  but  earth  movements  since  tht  Jj? 
beds  were  deposited  have  reversed  these  positions  and  the  Galice 
this  locality  now  lies  on  top  of  the  Dothan.  Such  an  overturn  is  som 
times  brought  about  by  folding  of  the  beds,  sometimes  by  faulting  ^> 
whereby  older  beds  are  slid  on  top  of  the  younger  ones. 

From  Reuben  spur  (see  sheet  7,  p.  60)  a  wagoi 
*      *  road  leads  to  the  Reuben  Mountain  mining  distric 

Elevation  mw  feet,     which  lies  about  10  miles  to  the  northwest.     Thk?& 

Seattle  445  miles.  ...  i#i  •         1  t>       *  f 

prevailing  rock  of   the  region  between  Reuben  an( 
Glendale  is  greenstone. 
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Northwest  of  Glendale  there  are  two  prominent  peaks  of  green- 
stone— Grayback,  4,033  feet  above  the  sea,  and  Panther  Butte,  3,517 

feet.    On  leaving  Glendale  the  train  passes  over  a 
Glendale.  mass  of  siliceous  reddish  lava  (rhyolite),  and  beyond 

Elevation  1,437  feet,     this  is  the  greenstone  that  forms  the  divide  between 
^tue^iSto.        Umpqua  and  Rogue  rivers.     The  crest  of  the  divide 

also  forms  the  boundary  between  Douglas  and  Jose- 
phine counties.  The  dividing  ridge  is  penetrated  by  a  straight 
tunnel  (No.  8),  2,828  feet  in  length  and  420  feet  below  the  summit. 
The  basin  of  Rogue  River  is  traversed  by  the  railroad  to  the  summit 
of  the  Siskiyou  Mountains,  a  distance  of  93  miles.  Beyond  the 
tunnel  the  railroad  descends  by  a  long  sweeping  curve  into  the 
Wolf  Creek  valley. 
The  station  of  Wolf  Creek  was  formerly  one  of  the  hostelries 

on  the  old  California-Oregon  stage  line.     The  small 
Wolf  Creek.  power  house  on  the  left  (south)  is  the  northernmost 

Elevation  1,319  feet,     station  on  the  power  line  from  Gold  Ray,  50  miles 
sSue^^eL        ahead  on  the  edge  of  the  Rogue  River  valley.     Wolf 

Creek  runs  through  a  gold  country,  and  in  the  early 
days  many  gold  placers  were  worked  in  this  vicinity. 

Much  of  the  primeval  timber  along  Wolf  Creek  has  been  pine 
and  oak,  but  madrona  and  other  broad-leaved  trees  are  now  taking 
the  place  of  the  conifers.  Buck  brush  (Ceanothus  velutinus),  with 
its  broadly  ovate  or  elliptical  shiny  leaves,  and  tree  myrtle  (Ceanothus 
sorediatus),  with  its  small  oblong  ovate  light-green  leaves,  are  common 
in  the  thickets  of  chaparral  in  southern  Oregon.  Blue  brush  or 
California  lilac  (Ceanothus  thyrsiflorus),  with  its  tiny  leaves  and 
blue  to  white  lilac-like  flowers,  which  are  good  for  cattle,  soon  appears 
in  increasing  numbers.  By  the  roadside  in  June  plants  of  the  so- 
called  Oregon  grape  or  Mahonia  (Berberis  aquifolium),  the  State 
flower  of  Oregon,  are  full  of  bluish  berries. 

At  milepost  497  the  railroad  crosses  Grave  Creek  close  to  a  placer 
mine,  where  water-supply  pipes  for  hydraulicking  and  the  gravel 
dumps  left  from  former  operations  can  be  seen.  Beyond  Grave 
Creek  is  a  broad  belt  of  slates,  probably  for  the  most  part  Mesozoic. 
The  name  Grave  Creek  is  suggestive  of  the  old  rough  days  of  gulch 
mining,  and  the  gravels  along  the  creek  did  in  fact  yield  considerable 
gold  to  the  early  placer  miners.  The  metal  in  the  placers  is  thought 
to  have  been  derived  by  erosion  from  the  Greenback  lode,  on  the 
divide  north  of  the  creek.  This  lode  was  worked  years  ago,  but  the 
mine  is  now  idle. 
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Leland. 

Elevation  1,218  feet. 
Population  239.* 
Seattle  463  miles. 


From  Leland  station  there  is  a  good  view  not  only  of  the  slates 
near  by  but  also  of  the  hilly  country.     Here  the  manzanita,1  which 

is  abundant  farther  south,  makes  its  first  appearance. 
The  railroad  ascends  Dog  Creek  to  tunnel  No.  9,  which 
is  at  an  elevation  of  1,700  feet,  is  2,205  feet  long,  and 
runs  300  feet  below  the  summit.  The  tunnel  is  cut 
in  black  slates  of  Mesozoic  age.  On  the  right  (west) 
as  the  train  emerges  is  Tunnel  Creek,  down  which  it  continues  for 
about  a  mile  and  then,  turning  sharply  to  the  left,  enters  an  area 
of  rock  different  from  any  yet  seen  along  the  route.  Most  people, 
including  quarrymen,  would  call  this  rock  granite,  and  such  for  all 
practical  purposes  it  is.  When  fresh  it  has  the  characteristic  gray 
speckled  appearance  of  gianite.2 

Hugo  lies  in  the  area  of  granodiorite,  which  is  of  irregular  outline 
and  extends  southward  for  15  miles,  to  the  vicinity  of  Applegate 

River,  beyond  the  town  of  Grants  Pass.     The  rock 
Hugo.  a^  t^  surface  is  generally  decomposed  and  crumbling, 

Elevation  1,316  feet.     an(i  jg  consequently  more  easily  eroded  than  the 

Seattle  469  miles 

harder  slates  and  greenstones,  and  the  country  under- 
lain by  it  is  less  rugged  than  that  north  of  Hugo. 

From  Merlin  a  stage  line  runs  to  Rogue  River,  about  4  miles  to 

the  west,  and  down  that  stream  to  the  Galice  mining 
district.  In  the  country  beyond  Merlin,  on  the  left 
(northeast),  an  attempt  is  being  made  to  establish 
orchards  of  apples,  peaches,  grapes,  and  other  fruits 
without  irrigation. 
A  low  divide  is  crossed  between  Merlin  and  the  town  of  Grants 
Pass,  on  Rogue  River.    Along  the  railroad  may  be  seen  cuts  and 


Merlin. 

Elevation  932  feet. 
Population  787.* 
Seattle  474  miles. 


1  This  shrub  (Arctostaphylos  patula), 
growing  from  3  to  5  feet  high  in  Oregon 
but  much  taller  in  parts  of  California,  is 
sure  to  attract  the  attention  of  one  who 
has  never  seen  it  before.  It  has  a  smooth 
bark  of  rich  chocolate  color,  small  pale- 
green  roundish  leaves,  and  berries  that 
resemble  diminutive  apples.  It  is  this 
resemblance  that  gives  the  shrub  its 
common  name,  Spanish  for  little  apple, 
by  which  it  is  everywhere  known  on  the 
Pacific  coast.  Bears  are  very  fond  of 
these  berries.  The  manzanita  covers 
many  hills  in  California  with  a  stiff  and 
almost  impenetrable  growth,  as  will  be 
seen  near  Mount  Shasta.  Its  wood  is 
hard,  and  the  blaze  from  an  old  gnarled 
root  cheers  many  a  western  fireside. 


2  The  geologist,  who  can  with  the  micro- 
scope distinguish  all  the  various  minerals 
that  compose  rocks,  has  found  that  this 
rock  is  not  strictly  a  granite  but  is  inter- 
mediate in  composition  between  true 
granite  and  a  similar  but  darker  rock 
containing  less  silica  (quartz),  known  a? 
diorite,  so  he  would  call  it  granodiorite. 
Like  granite,  granodiorite  is  an  intrusive 
igneous  rock.  It  was  forced  in  molten 
condition,  probably  about  the  close  of 
Jurassic  time,  into  the  slates  and  green- 
stones that  now  surround  it,  and  then  it 
slowly  crystallized  and  solidified  under* 
thick  cover  of  rock  that  has  since  been 
worn  away  by  erosion.  Granodiorite  i* 
abundant  in  the  Sierra  Nevada  and  th? 
Cascade  Range. 


TABLE  ROCK,  AT  ENTRANCE  TO  ROGUE   R 


OREGON  CAVES,  SOUTHWEST  OF  GRANTS  PASS,  OREG 
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quarries  in  the  deeply  disintegrated  granodiorite,  which  is  used  by 
the  railroad  as  a  substitute  for  gravel  about  its  stations. 

Grants  Pass,  named  after  Gen.  U.  S.  Grant,  who  as  a  captain  quelled 
an  Indian  uprising  on  Rogue  River  in  the  early  fifties,  is  the  seat  of 

Josephine  County  and  the  mining  center  of  south- 
Grants  Pass,  western  Oregon.  From  1903  to  1912  the  placer 
Elevation  963  feet.  mines  of  this  part  of  the  State  (PL  XIV)  produced 
bZXSE        S2,014,715   in   gold,    and    the   vein   or   lode   mines 

$1,523,226.  A  stage  line  runs  from  Grants  Pass 
through  Kerby  and  Waldo  to  the  coast  at  Crescent  City,  and  a  railroad 
to  the  same  pl&ce  is  now  under  construction. 

Grants  Pass  is  the  point  of  departure  for  a  visit  to  the  Oregon 
Caves,  the  largest  caves  known  on  the  Pacific  coast.  The  caves  are 
about  25  miles  nearly  south  of  Grants  Pass  and  may  be  reached  by 
automobile  and  trail.  They  have  been  formed  by  the  solution  of 
limestone  and  are  ornamented  by  a  great  variety  of  beautiful  stalac- 
tites and  stalagmites  (PL  XV,  B)  composed  of  carbonate  of  lime 
deposited  by  water.  These  caves  have  been  set  apart  by  the  Federal 
Government  for  preservation  as  a  national  monument. 

Two  miles  beyond  Grants  Pass,  at  the  eastern  edge  of  the  grano- 
diorite area,  is  obtained  the  first  near  view  of  Rogue  River,  the  largest 
stream  of  southwestern  Oregon.  Its  water,  derived  in  part  from  the 
snows  about  Crater  Lake,  is  usually  clear.  The  railroad  for  20  miles 
upstream  follows  its  valley,  which  is  in  places  a  canyon,  but  is  gener- 
ally wide  enough  to  contain  some  tillable  bottom  land.  The  rocks 
through  which  this  narrow  valley  has  been  cut  are  Paleozoic  in  age — 
much  older  than  any  rocks  that  have  hitherto  been  seen  along  the 
route.  They  comprise  slates,  limestones,  and  greenstones  and,  like 
the  Dothan  and-Galice  formations,  already  noted,  have  been  so 
folded  and  faulted  that  the  Paleozoic  rocks  are  thrust  over  upon  the 
much  younger  Galice  formation.  These  Paleozoic  rocks  resist  erosion 
better  than  the  granodiorite,  and  therefore  the  valley  cut  through 
them  by  Rogue  River  remains  narrow. 

At  3£  miles  east  of  Grants  Pass,  on  the  left  (north),  behind  a  little 
hill  of  granodiorite  on  Bloody  Run  Creek,  is  the  Golden  Drift  placer 
mine,  now  idle.  About  5  miles  farther  north  is  another  small 
intrusive  mass  of  granodiorite,  about  which  are  some  small  mines  on 
gold-bearing  quartz  veins. 

From  milepost  469.4  up  the  river  the  Savage  Rapids  are  in  view. 
Old  Baldy  and  Fielder  Mountain,  peaks  of  greenstone,  stand  out 
i  prominently  on  the  left  (north)  from  the  point  where  the  railroad 
i  crosses  the  line  between  Josephine  and  Jackson  counties  (milepost 
\    469.1). 

96286°— Bull.  614—15 4 
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At  Rogue  River  (formerly  called  Woodville)  are  fields  of  corn  and 

Wheat  and  young  orchards.  Nearly  opposite  milepost 
Rogue  Hirer.  4^2,  on  the  right  (south)  side  of  the  river,  is  the  mouth 
Elevation  1,025  feet.     0f  Foots  Creek,  whose  gravels  have  for  years  been 

Seattle  402  miles.  1      »  #  1  1  • 

worked  for  gold. 
At  milepost  458,  in  the  outskirts  of  Gold  Hill,  there  are  a  lime- 
stone quarry  and  a  cement  plant.     The  limestone  is  a  lenslike  mass 

in  a  belt  of  slate  more  than  a  mile  wide,  which  may 
Gold  Hill.  be  traced  to  the  southwest  for  a  long  distance  and 

Eievatkm  1,108  feet,     contains  numerous  similar  lenses  of  limestone.    Fos- 

Be^ntm^e         s*k  are  rare  ^  ^k*8  limestone>  but  those  found  suggest 

Carboniferous  age.  Other  limestone  lenses,  farther 
west  in  the  area  of  Paleozoic  rocks  and  not  exposed  on  the  railroad, 
contain  fossils  of  Devonian  age.  Therefore  the  Paleozoic  rocks  of 
this  region  are  in  part  Devonian  and  perhaps  in  part  Carboniferous. 

Rogue  River  is  crossed  just  beyond  Gold  Hill,  and  the  river  bed 
affords  a  near  view  of  some  of  the  greenstone,  which  at  this  place  is 
clearly  made  up  of  fragments  of  volcanic  rock.  The  greenstones 
associated  with  the  slates  and  limestones  are  in  fact  old  lavas,  partly 
poured  out  molten  and  partly  blown  out  in  fragments  from  volcanoes 
that  were  active  in  Paleozoic  time.  These  lavas,  originally  black  or 
gray,  have  become  greenish  through  the  slow  changes  of  age.  As 
will  be  seen  later,  these  Paleozoic  slates,  limestones,  and  greenstones 
make  up  much  of  the  Klamath  Mountains. 

After  crossing  the  river  the  railroad  turns  northward  opposite  the 
hill  from  which  the  town  of  Gold  Hill  was  named.  This  hill,  which 
is  2,640  feet  above  sea  level,  consists  of  greenstone  and  serpentine, 
into  which  has  been  intruded  some  granodiorite  that  now  forms  the 
hilltop.  Small  "pockets"  of  rich  gold  ore  were  found  here  in  early 
days. 

Between  mileposts  454  and  453  there  is  much  of  a  coarse-grained 
dark  rock  composed  chiefly  of  the  mineral  pyroxene  (an  iron- 
magnesium  silicate)  and  called  pyroxenite.  This  is  an  igneous 
intrusive  rock  and  was  probably  very  closely  related  to  the  rock  that 
in  the  course  of  time  changed  into  the  serpentine  of  Gold  Hill. 

Northeast  of  Gold  Hill,  just  across  the  river  from  the  railroad,  is 
Table  Rock  (PI.  XV,  A),  named  from  the  flat  black  capping  of  basalt, 
which  is  part  of  a  flow  of  lava  that  long  before  historic  times  spread 
over  this  region  from  some  volcano  in  the  Cascade  Range.  The  lava 
flowed  over  comparatively  soft  beds  of  shale,  sandstone,  and  con- 
glomerate of  Cretaceous  and  Tertiary  age.  Afterward  erosion  cut 
through  the  lava  in  places  and  attacked  the  softer  rocks  underneath, 
but  Table  Rock,  with  its  protective  capping,  remains  and  shows  ho* 
much  has  been  washed  away  around  it. 

Beyond  Table  Rock  the  country  opens  out  into  that  part  of  th? 
valley  to  which  the  name  Rogue  River  valley  is  especially  applied. 


SHASTA  ROUTE — SEATTLE  TO  SAN  FRANCISCO.  51 

The  valley  lies  between  the  Klamath  Mountains  on  the  west  and  the 
Cascade  Range  on  the  east.  The  highest  point  in  view  in  the  Cascade 
Range  is  Mount  McLoughlin  (9,760  feet),  named  after  Dr.  John 
McLoughlin,  of  the  Hudson's  Bay  Co.  The  mountains  are  composed 
of  relatively  hard  rocks,  but  the  granodiorite  and  the  Cretaceous  and 
Tertiary  sedimentary  rocks  that  underlie  the  fertile  fields  of  the  valley 
are  comparatively  soft.  This  difference  in  hardness  has  enabled  the 
river  and  its  tributaries  to  carve  out  a  wide,  flat-bottomed  valley. 
The  sedimentary  rocks  of  the  valley  lie  in  beds  sloping  eastward  under 
the  lavas  of  the  Cascade  Range,  but  they  overlie  the  older  rocks  of  the 
Klamath  Mountains,  including  the  granodiorite,  and  once  extended 
much  farther  west.  It  will  be  noticed  from  the  cross  section  (fig.  9) 
that  the  Cretaceous  beds  dip  at  a  different  angle  from  the  slates  of 
the  Klamath  Mountains  and  that,  if  they  were  restored  to  the  west, 
they  would  lie  across  the  upturned  edges  of  the  slates.  This  relation 
is  known  to  geologists  as  an     KIamath  Foothj|l8  ^ 

Unconformity.  Mts  Rogoe  Rjver  v„|ey       Cascade  Range 

The  train  turns  up  the  south- 
east arm  of  the  valley,  drained 
by   Bear  Creek,   which  joins 

-,3              -r).                     m  i  i     t>      i  Figure  9.— Section  of  Rogue  River  valley  near  Phoenix, 

Kogue  KlVer  near  1  able  KOCk,  0reg-    «,  Slates,  limestones,  and  lavas  of  Paleozoic 

and   passes  through  Tolo  (ele-  (Carboniferous?)  age;  6,  granodiorite;  c,  Cretaceous 

11  an    /     ?                      *1  conglomerate,  sandstone,  and  shale  (Chico  formation); 

Vat  ion    1,196    feet,    452    miles  <ff  sandstones  and  shales  containing  Eocene  leaves;  «, 

from  San  Francisco)  and  Cen-      lava  of  cascade  Range. 
tral  Point  (elevation  1,290  feet,  446.7  miles  from  San  Francisco),  where 
the  traveler  may  see  fine  fruit  orchards  (PL  XVI)  and  grain  fields, 
before  arriving  at  Medford. 

Medf ord,  the  chief  town  of  the  Rogue  River  valley,  is  rapidly  grow- 
ing in  consequence  of  its  relation  to  the  fruit  industry  of  the  valley, 

the  mining  region  of  the  Klamath  Mountains  on  the 
Medford.  west,  and  the  forests  and  resorts  of  the  Cascade  Range 

Elevation  1,398  feet,  on  the  east.  From  Medford  the  traveler  may  continue 
se^ito  M^inta.  on  ^e  main  line  or  make  a  detour,  partly  by  automo- 
bile stage,  through  Crater  Lake  National  Park,  return- 
big  to  the  main  line  at  Weed,  Cal.  The  beautiful  scenery  of  this  side 
trip  will  amply  repay  anyone  for  the  additional  time  it  requires.  To 
.those  interested  in  geology  or  in  the  ways  by  which  mountains  and 
valleys  have  come  to  their  present  forms  the  Crater  Lake  route  will 
prove  exceptionally  interesting. 

From  Medford  a  short  branch  line  (the  Rogue  River  Valley  Rail- 
road) runs  west  to  Jacksonville,  and  from  Crater  Lake  Junction,  a 
mile  north  of  Medford,  the  Pacific  &  Eastern  Railroad  extends  for  33 
miles  toward  Crater  Lake. 

[The  itinerary  southward  from  Medford  is  continued  on  p.  56.] 
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MEDFORD  TO   WEED   VIA    CRATER   LAKE. 

The  distance  from  Medf ord  to  Crater  Lake  by  automobile  stage  is 
79  miles.  The  first  20  miles  lies  through  orchards,  mainly  of  apples 
and  pears,  over  gravel  plains  spread  out  by  the  streams  as  they  issue 
from  the  mountains,  and  through  foothills  where  the  sandstones  and 
shales  (Eocene  to  Miocene)  of  the  valley  dip  eastward  under  the  lava 
flows  of  the  Cascade  Range. 

At  31  miles  from  Medf  ord  the  road  crosses  Rogue  River,  and  thence 
for  16  miles,  to  the  mouth  of  Mill  Creek,  it  follows  the  north  bank  of 
the  river  through  a  deep  canyon.  From  the  roadway  may  be  had 
good  views  both  of  the  canyon  and  the  uplands  bordering  the  wider 
valley  to  the  west. 

Near  Prospect  (elevation  2,780  feet)  Rogue  River  is  again  crossed 
at  the  head  of  its  canyon.  Here  the  river  in  a  quarter  of  a  mile  falls 
325  feet  in  a  series  of  cascades,  at  the  foot  of  which  Mill  Creek,  in  a 
fall  of  great  beauty,  150  feet  in  height,  joins  Rogue  River.  Near 
Prospect  the  primeval  forest  begins,  and  for  miles  the  smooth  road 
built  on  terraces  of  lava  affords  fine  forest  views. 

At  Union  Creek,  58  miles  from  Medf  ord  (elevation  about  3,500  feet), 
there  is  a  delightful  camping  place  near  Natural  Bridge  and  Union 
Falls.  The  Union  Falls  are  really  cascades  over  some  black  lava 
(basalt),  and  there  are  similar  cascades  at  Natural  Bridge,  a  little 
farther  downstream.  These  cascades  came  into  existence  in  the 
following  way.  In  late  geologic  time  (Quaternary)  a  lava  flow  came 
down  the  bed  of  Rogue  River  with  scant  regard  for  previous  water 
rights.  When  the  lava  had  reached  a  point  about  a  quarter  of  a  mile 
below  Natural  Bridge  it  cooled  and  stiffened  sufficiently  to  stop. 
The  basalt  still  shows  the  ropy  forms  in  which  it  congealed  and  the 
bubble  cavities  or  vesicles  formed  by  the  steam  that  nearly  all  lava 
contains.  Shortly  afterward  a  second  stream  of  lava  came  down  on 
top  of  the  first  but  did  not  run  quite  so  far.  The  river  now  reoccupied 
its  bed  as  well  as  it  could  and  at  first  cascaded  over  the  ends  of  the 
lava  flows.  In  course  of  time  it  wore  back  gorges,  60  feet  deep,  in 
the  basalt,  and  it  is  still  busy  at  the  same  task.  At  Natural  Bridge 
the  stream  has  discovered  and  doubtless  enlarged  an  old  tunnel  such 
as  is  often  formed  in  lava  streams  by  the  continued  flowing  of  the 
deeper  molten  material  after  a  solid  crust  has  formed  above  it. 

Ten  miles  beyond  Union  Falls  is  the  entrance  to  Crater  Lake  National 
Park.  The  lake  is  deeply  set  in  the  crest  of  the  Cascade  Range,  the 
surface  of  the  water  being  at  an  altitude  of  6, 177  feet.  It  is  encircled 
by  a  cliff  from  500  to  nearly  2,000  feet  high.  From  the  top  of  this 
cliff  the  ground  slopes  away  gently  on  all  sides,  so  that  the  lake  partly 
fills  a  great  cup  or  pit  in  the  summit  of  a  broad  conical  mountain. 
This  comparatively  low  mountain  is  all  that  remains  of  a  once  mighty 
volcano,  Mount  Mazama  (PI.  XVII,  4).     In  all  probability  no  human 


MOUNT  MAZAMA  RESTORED, 
k.  Iht  r.lt    pit    nny.    hill  fllltd    by    CfMW  L.h.,  whit 
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eye  ever  looked  upon  this  peak,  but  geologists  know  that  it  existed 
and  that  glaciers  crept  down  its  flanks  and  gouged  out  its  canyons. 
Through  some  cause  unknown  this  mountain  collapsed — its  top  fell 
in,  leaving  the  hole  now  occupied  in  part  by  the  lake,  2,000  feet  deep. 

Wizard  Island  (PI.  XVII,  B)  is  a  small  volcanic  cone  built  up  from 
the  bottom  of  the  pit  and  now  probably  extinct.  From  it  may  be 
had  superb  views  of  the  cliffs  that  surround  the  lake.  The  sky  lino 
of  these  cliffs  showB  U-shaped  notches  (PI.  XVIII,  p.  54),  which  are 
sections  of  the  glaciated  valleys  that  formerly  headed  high  up  on 
Mount  Mazama. 

From  Crater  Lake  Lodge,  situated  on  the  rim  1,000  feet  above  the 
lake,  exclusions  may  be  made  to  many  places  of  interest,  especially 
the  glaciated  valleys  of  Sun  and  Sand  creeks,  the  great  pumice- 
covered  flow  of  Iiao  Rock,  and  the  latest  lava  flow  of  all,  at  Rugged 
Crest.  A  trip  by  boat  to  Wizard  Island  and  around  the  lake  gives 
the  visitor  an  opportunity  to  fish  and  to  see  the  materials  of  which 
the  great  volcanic  cone  was  built  and  the  way  in  which  these  have 
been  piled  up  in  successive  layers. 

From  the  lake  to  Chiloquin,  a  station  on  the  Southern  Pacific  Co.'s 
new  line  from  Weed,  CaL,  via  Klamath  Falls,  the  distance  is  35  miles. 
This  new  line  is  intended  when  complete  to  be  the  main  line  between 
Weed  and  Eugene,  Oreg.  From  the  lake  to  Klamath  Falls  by  the 
automobile  road  the  distance  is  65  miles.  From  the  point  where  the 
road  leaves  Crater  Lake  the  view  over  the  broad  platform  of  the  Cas- 
cade Range  (PI.  XIX,  p.  55)  includes  the  great  cones  of  Shasta  and 
Pitt,  with  many  others,  large  and  small,  each  once  an  active  volcano. 

The  descent  from  the  rim  of  Crater  Lake  is  at  first  very  steep  over 
a  moraine  (the  bowldery  deposit  left  in  front  of  a  glacier)  to  the  groat 
spring  at  the  head  of  Anna  Creek.  The  road  affords  fine  views  of  the 
canyon  of  Anna  Creek,  cut  deep  in  volcanic  ejecta.  Near  its  head  the 
rocks  have  been  eroded  into  cigar-shaped  pinnacles  and  farther  down 
systems  of  parallel  cracks  in  the  rocks  (jointing)  give  striking  columnar 
effects.  On  the  east,  across  Anna  Canyon,  stands  Crater  Peak  (7,265 
feet),  one  of  the  outlying  basalt  cones  built  up  on  top  of  the  flows  of 
andesite  that  made  the  bulk  of  Mount  Mazama.  After  flowing 
through  some  finely  forested,  gently  sloping  country  Anna  Creek 
enters  upon  the  broad  alluvial  plain  of  upper  Klamath  Lake. 

Fort  Klamath,  on  the  western  border  of  the  Klamath  Indian  Reser- 
vation, is  now  only  a  small  village  but  was  an  active  Army  post  at  the 
time  when  military  force  was  necessary  to  keep  the  Indians  in  order. 
Several  of  the  old  fort  buildings  are  still  standing.  Here  it  was  that 
the  notorious  chief  known  as  Captain  Jack  was  tried  and  hanged  for 
the  part  he  played  in  the  Modoc  war,  the  scene  of  which  was  among 
the  lava  beds  about  60  miles  southeast  of  Fort  Klamath.  The  Kla- 
math Indian  Reservation  contains  much  fine  pasture  and  farm  land, 
as  well  as  forest,  and  many  of  the  Indians  are  engaged  in  agriculture. 
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A  few  miles  from  the  fort  are  the  well-kept  buildings  of  the  Klamath 
Indian  Agency. 

Wood  River,  the  clear,  cold  stream  that  supplies  the  fort  and 
agency  with  water,  rises  on  a  fault  whose  course  is  marked  by  a  promi- 
nent bluff  leading  up  toward  Crater  Lake.  The  water  of  the  river 
may  possibly  be  derived  in  part  from  the  lake  by  underground  flow 
along  the  fault  fissure. 

Five  miles  beyond  the  agency  is  Chiloquin,  a  small  village  on  Wil- 
liamson River.  The  water  of  Williamson  River,  though  clear,  has 
the  brown  color  characteristic  of  streams  that  drain  swamps.  This 
river  is  noted  for  its  trout,  but  the  Sprague,  into  which  it  empties 
half  a  mile  below  Chiloquin,  is  turbid  and  contributes  to  the  muddi- 
ness  of  upper  Klamath  Lake. 

At  the  crossing  of  Sprague  River  an  excavation  for  a  ditch  reveals 
bright-colored  lake  beds,  which  evidently  underlie  the  soil  of  the 
plain.  Modoc  Point,  on  the  northeast  side  of  Upper  Klamath  Lake, 
is  part  of  a  bold  bluff  of  dark  lava  (basalt)  lapped  by  the  waters  of  the 
lake.  The  bluff  marks  the  course  of  a  northwesterly  crack  along 
which  the  rocks  on  the  southwest  side  have  sunk  or  those  on  the  north- 
east side  have  risen — in  other  words,  the  lavas  are  faulted.  The 
bluff  is  part  of  the  southwest  edge  of  a  block  of  the  earth's  crust  that 
has  been  tilted  toward  the  northeast.  The  effect  of  the  fault  has 
been  to  form  the  hollow,  deepest  on  the  northeast  and  shoaling  to  the 
southwest,  in  which  the  lake  lies.  There  are  other  faults  of  the  same 
kind  and  general  direction  in  southeastern  Oregon,  and  a  number  of 
these  have  produced  lake  basins. 

From  Modoc  Point  Mount  Pitt  (9,760  feet)  may  be  seen  by  looking 
west  across  Pelican  Bay.  To  the  south,  across  the  main  lake, 
appears  the  snowy  peak  of  Shasta  (14,350  feet). 

The  Plum  Hills,  near  Algoma  station,  have  been  carved  by  erosion 
from  an  uptilted  fault  block  such  as  has  just  been  described.  The  fault 
fissure  rims  along  the  west  base  of  the  hills.  Dipping  east  under  the 
lava  which  forms  the  upper  part  of  the  hills  are  some  fine,  thin-layered 
beck  which  were  deposited  in  a  lake  that  existed  before  the  lava  was 
erupted. 

Klamath  Falls  (elevation  4,120  feet),  at  the  outlet  of  Upper 
Klamath  Lake,  is  a  thriving  town,  to  whose  growth  the  new  through 
line  of  the  Southern  Pacific,  now  under  construction,  and  the  great 
Klamath  reclamation  project  of  the  Government  have  given  added 
impetus.  The  Klamath  Basin,  which  lies  partly  in  California  and 
partly  in  Oregon,  embraces  several  thousand  acres.  Much  of  the 
land  to  be  reclaimed  and  irrigated  was  covered  by  lakes  and  marshes, 
but  the  waters  are  being  drained  off  and  the  land,  divided  into  farms, 
is  being  irrigated  by  the  Government  canals.  About  30,000  acres  are 
now  under  irrigation,  and  when  the  system  is  completed  it  will 
include  72,000  acres  of  irrigable  land.     Practically  all  the  uplands, 
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which  comprise  the  greater  part  of  the  area,  are  privately  owned,  a 
portion  being  in  large  holdings  which,  under  the  terms  of  the  recla- 
mation act,  must  be  subdivided  into  tracts  of  not  more  than  160 
acres  and  sold  to  actual  settlers.  The  public  lands,  including  much 
of  the  lake  areas,  are  at  present  withdrawn  from  entry  but  will  later 
be  opened  to  homestead  entry. 

Beyond  Klamath  Falls  the  railroad  crosses  a  great  area  of  tule 
(too'lay,  the  Spanish  name  for  a  species  of  rush  (Scirjms  lacustris) 
common  on  the  swamp  lands  of  the  Pacific  coast).  The  reclamation 
of  this  area  is  part  of  the  Government  project.  On  the  right  is 
Klamath  River,  and  beyond  is  the  gap  in  the  Cascade  Range  through 
which  the  river  makes  its  way.  A  flow  of  comparatively  recent  lava 
in  the  gap  has  formed  a  dam  which  by  ponding  back  the  river  has 
contributed  to  the  formation  of  the  lakes  and  swamps  of  the  country 
now  being  traversed. 

At  Midland,  among  the  marshes,  the  traveler  enters  a  national  bird 
reserve,  where  ducks,  geese,  and  many  other  waterfowl  are  abundant 
and  are  secure  from  molestation.  Near  Worden,  which  lies  among 
low  lava  hills,  apple  orchards  and  fields  of  grain  appear  as  if  by  magic, 
surrounded  by  sagebrush  and  cedars. 

By  several  tunnels  through  ridges  composed  of  bright-colored  beds 
of  tuff  (lava  particles  thrown  out  by  the  explosive  action  of  volcanoes) 
Dorris  (elevation  4,238  feet)  is  reached.  Beyond  it  are  other  small 
towns  surrounded  by  hay  and  grain  fields.  The  hills  become  better 
wooded  as  the  Cascade  Range  is  approached.  The  eastern  front  of  the 
range,  as  seen  from  Macdoel  (elevation  4,256  feet)  and  Mount  Hebron 
(4,237  feet),  is  so  abrupt  as  to  suggest  that  this  part  of  the  range  may 
have  been  uplifted  above  the  country  to  the  east  by  a  fault.  The 
region  about  Mount  Hebron  is  a  fine  cattle  country.  Forests  become 
more  conspicuous  at  Jerome,  where  the  railroad  crosses  a  low  divide 
between  the  drainage  basins  of  Butte  Creek  and  Little  Shasta  River. 

At  Kegg  there  is  some  well-stratified  dark  volcanic  material  that 
is  widely  used  for  railroad  ballast.  This  material,  somewhat  re- 
sembling cinders,  was  blown  out  from  some  volcano.  Such  frag- 
ments of  cindery  lava  are  known  as  lapilli  (little  stones).  The  rich 
green  pastures  of  the  small  valleys  of  this  part  of  the  route  are  bright 
with  flowers  and  dotted  with  contented  cattle.  They  are  surrounded 
by  dark  forests  of  yellow  pine  (Pinus  ponderosa),  which  is  now  being 
extensively  cut  for  lumber. 

From  Bray  (elevation  4,648  feet)  may  be  seen  Goose  Nest  Moun- 
tain (see  sheet  8,  p.  64),  on  the  right  (west),  directly  across  the 
valley.  Another  low  divide  (5,078  feet)  is  crossed,  and  Grass  Lake, 
surrounded  by  swampy  pastures  of  green  and  yellow  grass,  comes 
into  view.  This  country  drains  westward  through  Little  Shasta 
River  to  Shasta  Valley.     From  Pineland  the  road  descends  toward 
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Mount  Shasta,  with  the  rugged  cliffs  of  Sheep  Rock  on  the  right. 
These  cliffs  are  composed  of  dark  lavas  and  tuffs,  which  dip  east. 

Mount  Shasta  continues  in  sight  for  many  miles.  The  most  im- 
pressive view  is  obtained  from  the  station  called  Mount  Shasta.  The 
mountain  has  two  summits.  The  higher  one,  on  the  left  (14,380 
feet),  is  that  of  Mount  Shasta  proper;  the  lower  one  (12,433  feet)  is 
Shastina.  Whitney  Glacier  lies  between  the  two  peaks  and  is  over 
2  miles  long.  A  prominent  gray  pile  of  bowlders  and  gravel,  clearly 
in  view  at  the  lower  end  of  the  glacier,  is  its  terminal  moraine. 
Mount  Shasta  above  a  lovel  of  4,000  feet  is  composed  of  lava,  chiefly 
a  kind  containing  less  silica  and  generally  lighter  in  color  than  basalt, 
known  as  andesite.  There  are  a  few  basalt  cones  about  the  base  of 
the  mountain.  Near  milepost  364  are  some  light-gray  hills  known 
as  the  Haystacks,  composed  of  sedimentary  and  intrusive  rocks  like 
those  of  the  Klamath  Mountains  and  forming,  as  it  were,  an  island  in 
the  sea  of  lava. 

About  5  miles  beyond  the  Haystacks,  on  the  right/is  a  steep  little 
valley  formed  by  a  caved-in  lava  tunnel.  When  the  supply  of  lava 
is  cut  off  at  the  close  of  an  eruption  the  molten  interior  of  a  flow 
continues  to  move  down  hill  under  its  hardened  crust,  leaving  tunnel- 
like caves  which  may  be  a  mile  or  more  long. 

Beyond  this  valley  is  a  gravel  deposit  made  by  Whitney  Creek, 
which  is  fed  by  Whitney  Glacier.  The  creek  has  cut  a  deep  canyon 
for  several  miles  below  the  glacier,  but  before  it  reaches  the  point 
where  the  railroad  crosses  it  the  stream  becomes  overloaded  with 
gravel  and  has  to  drop  part  of  its  load.  In  summer  the  creek  dis- 
appears in  the  porous  gravel  deposit. 

The  flows  of  lava  that  once  poured  down  the  sides  of  Mount  Shasta 
end  in  bluffs  around  which  the  railroad  swings  to  Weed. 

MAIN    LINE    FROM   MEDFORD   SOUTHWARD. 

Southeast  of  Medford  the  valley  narrows,  and  at  Talent  low  foot- 
hills of  Cretaceous  rocks  are  close  to  the  railroad.    The  gravels  formerly 

worked  in  the  placer  mines  seen  along  here  on  the 
Phoenix.  right  (southwest)  are  for  the  most  part  of  Quaternary 

Elevation  i,56G  feet.  age.  Some  gold,  however,  has  been  obtained  from 
ftw!ttie  mi Tmues.         a  Cretaceous  conglomerate  whose  pebbles  were  derived 

directly  from  the  still  older  rocks  on  which  the  con- 
glomerate rests.  The  best  known  of  these  placers  are  those  of  the 
Forty-nine  group,  near  Phoenix,  which  have  yielded  not  only  much 

gold  but  also  a  number  of  Cretaceous  fossils.  The 
Talent.  older  rocks   on  which  the  Cretaceous    conglomerate 

^vt^mm^         rests  ftre  Possibly  Paleozoic.     Farther  south,  in  the 

neighborhood  of  Ashland,  these  rocks  are  succeeded 
along  the  railroad  by  a  granular  igneous  rock  (quartz  diorite)  resem- 
bling granite. 
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Ashland. 

Elevation  1,890  feet. 
Population  5,000. 
Seattle  527  miles. 


By  looking  ahead  from  a  point  near  Ashland  the  traveler  may  see 
a  bold  rock,  Pilot  Knob,  in  the  Siskiyou  Mountains  (a  part  of  the 
Klamath  Mountains).  In  early  days  this  knob,  which  stands  more 
than  6,000  feet  above  the  sea,  guided  immigrants  to  the  pass  to  Cali- 
fornia now  utilized  by  the  railroad. 

Ashland,  which  passengers  generally  remember  as  the  fresh-fruit 
station,  is  the  center  of  a  great  peach  country  and  took  the  prize  for 

peaches  at  the  Chicago  Exposition.  Pears  also  are 
being  increasingly  grown  in  this  region.  Orchards 
are  being  rapidly  extended  southward  and  westward 
over  the  lower  slopes  of  the  mountains  facing  the 
morning  sun.  Behind  them  rise  the  forested  spurs 
of  the  Siskiyou  Mountains,  culminating  in  Siskiyou  Peak  (7,662  feet) 
and  Sterling  Peak  (7,377  feet),  which  carry  snow  as  late  as  July. 

Near  Ashland  the  crumbling  quartz  diorite  is  well  exposed,  together 
with  sandstones  and  shales  of  Cretaceous  age.  To  the  northeast  rises 
Grizzly  Peak  (6,000  feet),  a  pile  of  lava  flows,  under  which,  as  may 
be  seen  on  the  gentle  slopes  near  Bear  Creek,  are  sedimentary  rocks 
thr.t  contain  some  beds  of  coal  and  fossil  plants,  probably  of  Eocene 
age.  The  Eocene  plants  of  the  Cascade  Range  are  described  below 
by  F.  H.  Knowlton.1 

On  leaving  Ashland  the  train  begins  to  climb  the  Siskiyou  Moun- 
tains, which  form  the  divide  between  the  Rogue  and  Klamath  river 
basins.  The  pass  is  2,235  feet  above  Ashland  and  the  ascent  is  made 
by  a  3.3  per  cent  grade — that  is,  at  the  rate  of  174.2  feet  to  the 
mile.  This  average  grade  is  maintained  for  nearly  30  miles.  Shales, 
sandstones,  and  conglomerates  of  Cretaceous  age  are  exposed  along 
the  railroad  for  more  than  10  miles  beyond  Ashland,  except  a  short 


1  In  the  vicinity  of  Ashland  and  Med- 
ford,  there  has  been  found  a  fossil  flora 
which  is  not  only  totally  different  from  that 
of  Jurassic  time  but  is  also  different  from 
the  living  flora  of  Oregon.  That  this  flora 
is  very  unlike  the  Jurassic  flora  is  not  sur- 
prising in  view  of  its  much  later  age 
(probably  upper  Eocene,  Tertiary),  which 
makes  it  many  millions  of  years  younger — 
in  fact,  a  thing  of  yesterday  as  geologic 
time  is  measured. 

The  Ashland  fossil  flora  is  a  small  one, 
comprising  only  about  15  forms  belonging 
to  perhaps  10  types.  Among  them  is  a 
small  fern  with  delicate,  deeply  cut 
fronds.  There  is  also  a  Sequoia  of  the 
same  type  as  the  famous  redwood  of  the 
Coast  Range  and  probably  a  direct  ances- 
tor of  it,  together  with  a  pine  of  the  well- 
known  white  pine  type,  with  ite  leaves 


in  clusters  of  five.  Among  the  dicoty- 
ledons or  deciduous  trees  there  is  a  well- 
marked  species  of  alder,  a  chestnut  with 
the  usual  sharply  toothed  leaves,  at  least 
four  kinds  of  oak,  an  elm,  a  spice  bush 
(Benzoin),  and  a  leaf  that  is  doubtfully 
regarded  as  belonging  to  a  fig. 

A  flora  which  is  of  the  same  type  and 
hence  presumably  of  about  the  same  age 
as  this  one  is  found  in  the  rocks  of  north- 
ern California,  especially  about  the  big 
bend  of  Pit  River  and  on  Little  Cow 
Creek  east  of  Redding.  These  floras  are 
evidently  closely  related  to  the  plants 
that  lived  during  the  period  when  certain 
of  the  gold-bearing  gravels  of  the  Sierra 
Nevada  in  California  were  being  depos- 
ited. The  geologic  age  of  these  gravels 
has  been  determined  in  part  by  the  aid 
of  the  fossil  plants. 
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distance  beyond  milepost  442,  where  some  of  the  underlying  older 
(Paleozoic)  rocks  appear.  The  Cretaceous  rocks  continue  beyond  the 
first  great  curve  in  the  railroad  line  to  a  point  near  milepost  416, 
where  an  intrusive  mass  of  granodiorite  appears  and  continues  to 
Siskiyou,  the  summit  station.  Beyond  the  second  great  curve,  at 
milepost  415,  there  are  good  views  of  the  valley  left  behind  and  of  the 
Cascade  Range. 

At  Siskiyou  station  the  Pacific  Highway,  which  crosses  the  summit 
farther  east,  near  Pilot  Knob,  is  near  by  on  the  left.    Here  on  Sep* 

tember  29,  1841,  the  Wilkes  exploring  party  crossed 
SWdyoo.  the  mountain,  which  was  then  the  boundary  between 

Elation  4,m  feet.     ^he  United   States   and  Mexico.    Pilot  Knob  was 

named  Emmons  Peak  by  Wilkes,  after  the  officer  in 
charge  of  the  party.  At  Siskiyou  the  railroad  enters  a  tunnel  3,108 
feet  long,  which^  passes  about  500  feet  below  the  summit.  The  rock 
near  by  is  quartz  diorite,  and  this  is  succeeded  by  a  darker  igneous 
rock  (andesite)  through  which  the  tunnel  has  been  driven  and  which, 
as  will  be  seen  farther  south,  is  erupted  through  sediments  of  Creta- 
ceous age.  Soon  after  emerging  from  the  tunnel  into  the  drainage 
basin  of  Klamath  River  the  traveler  obtains  his  first  view  of  Mount 
Shasta,  one  of  the  finest  and  most  imposing  of  the  snow-capped 
peaks  of  the  Pacific  coast.  At  milepost  410  Pilot  Knob  appears  on 
the  left  (east). 

At  Colestin,  about  a  mile  beyond  the  end  of  the  tunnel,  a  modest 
hostelry  has  been  built  near  a  good  spring  of  effervescent  chalybeate 

water.     With  its  mountain  surroundings,  a  delightful 

68  '  e**  summer  climate,  and  good  hunting,  this  place  is  likely 
*Z£m£!^     to   be  more  ^quented   as  its   attractions   become 

known. 

In  the  descent  from  Colestin  to  Hilt  (Cole)  and  thence  to  Horn- 
brook  the  train  passes  almost  continuous  exposures  of  Cretaceous 
sedimentary  beds  cut  at  many  places  by  intruded  igneous  rocks. 
Some  at  least  of  these  igneous  rocks  are  tilted  and  faulted  as  much 
as  the  sedimentary  rocks  and  consequently  may  be  older  than  most 
of  the  lavas  of  the  Cascade  Range,  which,  as  a  rule,  lie  in  nearly  hori- 
zontal attitudes. 

Before  reaching  Cole  station,  at  403.2  miles  from  San  Francisco,  the 
railroad  crosses  the  line  between  Oregon  and  California. 

California,  known  as  the  Golden  State,  is  next  to  the  largest  State 
in  the  Union.     It  is  780  miles  in  length  and  about  250  miles  in  average 

width  and  has  a  total  area  of  156,092  square  miles, 
California.  being  nearly  equal  in  size  to  New  England,  New  York, 

and  Pennsylvania  combined.     The  population  of  Cali- 
fornia in  1910  was  2,377,549,  or  about  one-tenth  that  of  the  Eastern 
Hates  named.     The  area  covered  by  public-land  surveys  is  123,910 
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square  miles,  or  nearly  80  per  cent  of  the  State,  and  21  per  cent  of  the 
State  was  unappropriated  and  unreserved  July  1,  1914. 

Along  the  State's  1,000  miles  of  bold  coast  line  there  are  compara- 
tively few  indentations.  The  bays  of  San  Diego  and  San  Francisco 
are  excellent  harbors,  but  they  are  exceptional. 

The  climate  of  California  varies  greatly  from  place  to  place.  Along 
the  coast  in  northern  California  it  is  moist  and  equable.  Around  San 
Francisco  Bay  a  moderate  rainfall  is  confined  almost  wholly  to  the 
winter,  and  the  range  in  temperature  is  comparatively  small.  In 
parts  of  southern  California  typical  desert  conditions  prevail.  The 
great  interior  valley  is  characterized  by  moderate  to  scant  winter  rain- 
fall and  hot,  dry  summers.  Snow  rarely  falls  except  in  the  high  moun- 
tains, where — as,  for  example,  in  the  Sierra  Nevada — so  much  of  it 
may  accumulate  as  to  interfere  with  railway  traffic. 

Forests  cover  22  per  cent  of  the  area  of  the  State  and  have  been  esti- 
mated to  contain  200,000  million  feet  of  timber.  They  are  notable  for 
the  large  size  of  their  trees,  especially  for  the  huge  dimensions  attained 
by  two  species  of  redwood — Sequoia  washingtoniana  (or  gigantea),  the 
well-known  "big  tree"  of  the  Sierra  Nevada,  and  Sequoia  semper- 
virens,  the  "big  tree"  of  the  Coast  Range.  Some  of  these  giant  trees 
fortunately  have  been  preserved  by  the  Government  or  through 
private  generosity  against  the  attacks  of  the  lumberman.  The  21 
national  forests  in  California  have  a  total  net  area  of  40,600  square 
miles,  or  about  one-fourth  of  the  State's  area.  The  national  parks  in 
the  State  are  Yoseinite  (1,124  square  -miles).  Sequoia  (252  square 
miles),  and  General  Grant  (4  square  miles).  The  national  monuments 
in  the  State  are  the  Cabrillo,  Cinder  Cone,  Devil  Postpile,  Lassen 
Peak,  Muir  Woods,  and  Pinnacles,  and  there  are  bird  reserves  at 
Klamath  Lake,  East  Park,  Farallon,  and  Clear  Lake. 

Agriculture  is  a  large  industry  in  California,  and  with  the  introduc- 
tion of  more  intensive  cultivation  its  importance  is  increasing  rapidly. 
In  the  variety  and  value  of  its  fruit  crops  California  has  no  rival  in  the 
United  States,  if  indeed  in  the  world.  Its  products  range  from  pine- 
apples and  other  semitropical  fruits  in  the  south  to  pears,  peaches,  and 
plums  in  the  north,  but  it  is  to  oranges  and  other  citrus  fruits  and  to 
wine  grapes  that  California  owes  its  agricultural  supremacy. 

During  the  season  from  November  1,  1913,  to  October  31,  1914, 
California  produced  48,548  carloads  of  citrus  fruit,  42,473,000  gallons 
of  whie,  and  12,450  tons  of  walnuts  and  almonds. 

Of  its  mineral  products,  petroleum  ranks  first  in  total  value  and. 
gold  next.    California's  output  of  petroleum  in  1914  was  valued  at 
$48,466,096,  about  25  per  cent  of  the  world's  yield,  and  its  output  of 
gold  in  that  year  at  about  $21,000,000.     In  the  production  of  both 
petroleum  and  gold  California  leads  all  other  States  in  the  Union. 
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Klamathon. 

Seattle  564  miles. 


California  was  formerly  a  part  of  Mexico  but  in  1848  was  ceded  to 
the  United  States,  and  on  September  7,  1850,  was  admitted  to  the 
Union  as  a  State.  Its  history  is  full  of  stirring  and  romantic  episodes 
and  should  not  be  neglected  by  the  visitor  desirous  of  understanding 
the  spirit  of  the  land. 

The  same  Cretaceous   conglomerate  seen  at  Ashland  continues 

through  the  mountain  and  reappears  near  Hornbrook  (see  sheet  8, 

p.  64) ,  where  it  has  been  Washed  to  some  extent  for 
'      "     gold.     Directly  ahead  from  Hornbrook  may  be  seen 

^ue^mte661      Black  Mountain,  whose  summit  is  a  mass  of  lava 

resting  on  Cretaceous  strata  that  dip  toward  the  east. 
A  few  miles  south  of  Hornbrook,  at  Klamathon,  the  railroad  crosses 

Klamath  River,  which  rises  in  the  lake  region  east  of  the  main  ridge 

of  the  Cascade  Range  and  is  extensively  utilized  near 
its  head  for  irrigation.  Along  the  course  of  the  Kla- 
math through  the  Cascade  and  Coast  ranges  there  are 

numerous  power  sites,  and  at  some  of  these  about  5,130  horsepower 

has  already  been  developed.     Klamath  River  has  not  the  beautiful 

clearness  of  the  Rogue  and  the  Umpqua. 

Passing  Thrall,  Ager,   and  Snowdon  in   succession  the    railroa 

climbs  to  a  divide  overlooking  Shasta  Valley  and  affording  an  excel 

lent  view  of  Mount  Shasta.     In  making  this  ascent  i 
passes  over   a  series  of  shales,  tuffs,  and  lavas  oi 

Seattle  5to *Sk**L     Miocene  age  Ujl  the  order  in  which  they  were  deposits 

From  Ager  a  stage  line  runs  up  Klamath  River  U 

Klamath  Hot  Springs,  formerly  known  as  Shovel  Creek  Springs, 

resort  noted  for  it3  fishing  and  mud  baths.1 

From  Montague  a  short  branch  line  runs  to  Yreka,  near  which  ii 

early  days  a  number  of  placer  mines  and  later  a  number  of  lot 

mines  were  successfully  worked  for  gold.     A  shoi 

Montague.  distance  south  of  Montague,  near  Shasta  River, 

Elevation  2,541  feet.     8a]t,  we]j  was  once  operated  but  is  now  abandone< 

The  brine  was  obtained  from  the  Cretaceous  san< 

stone  which  underlies  much  of  Shasta  Valley. 


Ager. 


'ii 


1  The  trip  through  the  canyon  affords  a 
crosfl  section  of  the  greater  portion  of  the 
Cascade  Range,  but,  as  in  the  Columbia 
River  section,  only  lavas  are  to  be  seen. 
A  small  volcano  which  at  some  unknown 
date  broke  out  in  the  canyon  dammed  the 
river  with  its  lava.  In  the  lake  so  formed 
there  lived  and  died  countless  numbers 
of  the  microscopic  plants  known  as  dia- 
toms— little  organisms  possessing  siliceous 


shells,  or  more  properly  skeletal  part 
that  fit  together  much  like  a  pill  box  an 
its  cover.  The  white  or  very  light  eart 
that  may  be  seen  along  the  stage  road 
composed  almost  entirely  of  these  delicat 
siliceous  skeletons,  which  when  examin 
with  a  strong  microscope  are  found  to  b 
of  marvelous  delicacy  and  beauty.  Th 
material,  diatomaceous  or  infusorial  earth 
is  used  as  a  polishing  or  scouring  agent. 
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Scattered  over  Shasta  Valley  are  many  small  knolls  of  lava  and 
tuff,  which  appear  to  be,  in  part  at  least,  the  products  of  minor 
and  local  eruptions  that  broke  through  the  Cretaoeous  beds,  each 
vent  contributing  its  little  pile  of  material.  Such  feeble  and  diffuse 
volcanic  activity  is  in  marked  contrast  with  the  vigorous  outbursts 
that  built  up  the  great  cone  of  Shasta.  On  the  right  (west)  as  Gazelle 
is  approached  the  traveler  may  trace  along  the  hills  the  nearly  hori- 
zontal line  of  the  Yreka  ditch,  completed  in  1856  to  bring  water  to 
the  rich  placer  mines  near  Yreka,  but  now  used  for  irrigation  near 
Gazelle. 

Shasta  Valley  is  devoted  chiefly  to  stock  raising,  and  about  700 
carloads  of  cattle  are  shipped  annually  from  Gazelle  station.     In 

a  valley  on  the  right  (west) ,  half  a  mile  beyond  Gazelle, 
Gazelle.  jg   eXposed   some   gray   limestone   containing  fossil 

Elevation  2,758  feet,  shells  of  Devonian  age.  This  and  other  fossil- 
bearing  limestones  in  the  region  afford  evidence 
that  strata  of  Paleozoic  age  lie  under  the  Cretaceous  rocks  of  Shasta 
Valley  and  form  the  mountains  to  the  west.  These  strata  are  cut 
by  many  bodies  of  intrusive  rock. 

Crossing  Shasta  River  the  railroad  leaves  the  dry  plains  and  near 

Edgewood  enters  the  wooded  foothills  northwest  of 
Edgewood.  Mount  Shasta.     These  hills  are  apparently  composed 

Elevation  2,963  feet,     in  large  part  of  morainal  material  left  by  some  van- 
aSStmtSL*       khed    glacier.     The   road    ascends   Boles   Creek   to 

Weed,  where  the  main  line  is  joined  by  the  branch 
that  extends  through  Klamath  Falls  to  Kirk,  Oreg. 

Weed  is  within  the  forest  belt  of  Mount  Shasta.     Here  are  large 

sawmills  which  each  day  cut  up  about  125  carloads 
Weed.  0f  j0gd>  chiefly  yellow  and  sugar  pine,  making  87,500 

Elevation  3,465  feet,     f^  0f  lumber.     Much  of  this  is  manufactured  at 
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Weed  mto  doors,  window  sashes,   and  box  snooks 
(boards  cut  to  size,  ready  to  be  nailed). 

On  the  left  near  the  summit  is  Sugar  Loaf  (PL  XX,  A,  p.  62),  a 
remarkable  conical  peak  of  solid  lava  (andesite)  without  any  frag- 

mental    material    whatever    in    its    make-up.     The 
Summit  thick  pasty  lava  of  which  it  is  composed  bulged  up 

Elevation  3,906  feet,     directly  over  the  volcanic  vent  without  explosive 

eruption.     The  andesite  of  Sugar  Loaf  is  remarkable 
for  its  prominent  black  crystals  of  the  mineral  hornblende. 

On  the  divide  between  Edgewood  and  Sisson  is  much  loose  stony 
material  that  consists  largely  of  fragments  of  lava  known  to  have 
come  from  the  west  slope  of  Mount  Shasta.  This  deposit  appears 
to  be  a  moraine,  left  by  a  glacier  that  no  longer  exists.  Its  surface, 
like  that  of  moraines  in  general,  is  hummocky  and  contains  small 
basin-like  hollows   occupied   by   ponds   or  swamps.     The  western 
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extension  of  this  moraine  abuts  against  the  foothills  of  the  Klamath 
Mountains.  The  meadows  seen  on  the  right  (west)  on  the  way 
down  to  Sisson  probably  represent  a  lake  whose  waters  were  held 
against  the  natural  dam  of  the  moraine.  In  course  of  time  the  lake 
was  silted  up  and  became  a  meadow.  The  morainal  material,  which 
is  well  exposed  at  Upton,  is  used  for  track  ballast. 

About  1}  miles  north  of  Sisson  (338  miles  from  San  Francisco)  a 
large  spring  may  be  seen  to  the  west  of  the  railroad.  This  is  some- 
times referred  to  as  the  source  of  Sacramento  River,  but  the  real 
head  of  the  Sacramento  is  in  the  mountains  about  7  miles  southwest 
of  this  spring. 

Mount  Shasta  (PI.  XXI)  stands  out  majestically  from  Sisson  and 

may  be  ascended  from  this  point.  A  good  trail,  about 
Sisson.  (j  miles  in  length,  leads  to  Timberline  camp,  and  from 

Elevation  3,M>4  feet.     ^g  camp  the  summit,  6,000  feet   higher,  may  be 

Seattle  619  miles.  ..  i.i  ,  i      j      n  •  •  t 

reached  and  the  return  made  to  oisson  m  a  day. 
That  temperature  and  moisture  control  the  distribution  of  plants 
and  animals  is  well  illustrated  by  the  strong  contrast  between  the 

flora  of  Mount  Shasta 
*+*»'  and    that    of    Shasta 

Valley.  The  summit 
of  Shasta  is  bare  of 
vegetation  because  of 
cold,  and  Shasta  Val- 
ley, 10  miles  away,  is 
treeless  for  lack  of 
moisture.  Between 
these  extremes  lies  the 
great  forest  belt  of 
Mount  Shasta,  the 
trees  of  which  are  arranged  in  zones  according  to  the  requirements 
of  each  species  for  temperature  and  moisture.  The  tree  zones  as 
worked  out  by  Dr.  C.  Hart  Merriam  are  shown  in  simplified  diagram- 
matic form  in  figure  10. 

The  extreme  upper  limit  of  plant  growth  is  reached  at  an  elevation 
of  13,000  feet.  Among  the  animals  that  frequent  the  summit  may 
be  mentioned  butterflies,  hawks,  and  mice.  Buck  brush  and  manza- 
nita  make  the  undergrowth  of  the  lumbered  region,  but  the  trees 
appear  to  be  gaining  on  the  underbrush  in  the  struggle  for  existence. 
The  glaciers  of  Mount  Shasta  are  smaller  than  those  of  Mount 
Rainier,  and  the  charming  upland  meadows  of  the  northern  mountain 
are  entirely  lacking  here.  The  view  from  the  summit,  however,  is 
unsurpassed  by  that  from  any  cone  in  the  Cascade  Range.  Although 
considered  extinct,  Mount  Shasta  still  shows  vestiges  of  volcanic 
activity.    There  is  a  sulphurous  fumarole  (an  opening  from  which 
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Figure  10.— Tree  tones  of  Mount  Shasta,  Cal.  a,  Transition  tone, 
yellow  pine  (Pinut  ponderous),  sugar  pine  (Pinutlambertiana), and 
many  others;  6,  Canadian  zone,  Shasta  fir  (Abie*»ha*Unsit);  c,  Hud- 
sonlan  tone,  white-barked  pine  (Pinus  aJbicaulis);  d,  alpine  tone, 
HuUea  nana,  extending  up  to  11,300  feet; «,  tone  above  plant  growth. 
The  highest  plants  found  are  the  Sierra  alpine  draba  (Draba  breweri) 
and  PoUmonium  pukhellum,  which  occur  at  13,000  feet. 
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hot  gases  issue)  on  its  summit  and  another  on  its  northern  slope. 
During  one  of  the  later  eruptions  of  Shasta  a  stream  of  lava  (andesite) 
poured  down  its  southern  slope,  entered  the  channel  of  the  Sacra- 
mento, and  followed  that  stream  for  50  miles. 

Below  Mott  the  railroad  makes  a  sharp  bend  and  descends  into 
the  canyon  of  the  Sacramento.  For  75  miles  this  canyon  traverses 
a  spur  of  the  Klamath  Mountains  that  projects  toward  the  Sierra 
Nevada.  In  the  descent  into  the  canyon  there  may  be  seen  on  the 
right  (north)  a  continuous  section  of  more  than  300  feet  of  lavas  and 
tuffs.  At  milepost  328  the  railroad  doubles  on  itself  again  and 
crosses  the  Sacramento,  the  first  of  17  crossings  between  Sisson  and 
Redding.  The  older  rocks  (Paleozoic  and  Mesozoic)  of  the  Klamath 
Mountains  appear  here,  and  those  most  noticeable  along  this  part  of 
the  route  are  serpentine  and  some  related  coarse-grained  dark  erup- 
tive rocks. 

The  Shasta  Springs  yield  a  celebrated  carbonated  water  containing 
a  large  percentage  of  iron  and  magnesia,  which  is  bottled  for  market. 

The  town  and  hotels  are  on  a  terrace  300  feet  above  the 
Shasta  Springs,  springs,  which  issue  near  the  contact  of  the  horizontal 
Elevation  2,538  feet.     iaVas  with  the  underlying  older  rocks.     Near  the 
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mam  spring  is  Oxone  Spring,  whose  water  is  of  an 
entirely  different  character  and  has  a  pungent  odor. 

A  few  hundred  yards  below  Shasta  Springs  the  train  again  crosses 
Sacramento  River  and  passes  the  beautiful  Moss  Brae  Falls  (PI.  XX, 
B)  on  the  left.  Summer  resorts  are  numerous  in  this  vicinity.  A 
short  distance  below  Shasta  Springs  the  lava,  which,  as  previously 
described,  at  one  time  took  possession  of  the  channel  of  the  river, 
forms  both  sides  of  the  canyon  cut  by  the  Sacramento  since  it  was  so 
rudely  ejected.  A  good  example  of  columnar  jointing  may  be  seen 
in  this  lava  on  the  right  (west)  side  of  the  track,  as  the  train  nears 
Dunsmuir. 

Dunsmuir  is  chiefly  a  railroad  town.  Good  hunting  and  fishing 
are  to  be  had  near  by,  and  in  front  of  the  station  are  two  aquariums 

in  which  may  be  seen  the  varieties  of  trout  found  in 
Dunsmuir.  ^e  region#     Three  miles  south  of  Dunsmuir,  on  Lit- 

Eievatkm  2,284  feet.  fle  Castle  Creek,  is  a  chromite  mine,  which  in  1913 
Seattle  634  miles.        was  the  only  mine  in  the  United  States  producing 

chromic  iron  ore.  In  1914  there  were  several  other 
but  much  smaller  producers.  At  the  crossing  of  Little  Castle  Creek, 
near  milepost  319,  the  rugged  pinnacles  of  Castle  Rock  appear  on  the 
right.  Castle  Crag,  Castle  Rock,  and  Castella  are  all  neighboring 
summer  resorts  near  the  rugged  peaks  that  suggested  their  names. 
At  Castle  Rock  there  are  effervescent  (carbonic  acid)  springs,  the 
water  from  which  is  bottled  near  the  mouth  of  Soda  Creek.  This 
place  was  a  noted  station  on  the  old  Oregon-California  stage  line. 
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Soda  Creek  drains  an  area  of  Paleozoic  slates  and  limestones  east  of 
Sacramento  River. 

From  Castella  a  trail  runs  west  across  the  Trinity  Mountains  to 
Cinnabar,  where  quicksilver  ore  has  been  found.     Serpentine  and 

related  dark  igneous  rocks  (pyroxenite  and  gabbro) 
Castella.  g^  ^he  principal  rocks  along  the  railroad  near  Cas- 

STf1011  ^ feet*     *^a  an(*  m  ^e  mountains  to  the  west.     In  places 

these  rocks  have  been  rendered  slaty  by  enormous 

pressure.  The  narrow  mass  of  Shasta  lava  through  which  Sacra- 
mento River  is  cutting  forms  low  benches  at  many  places  along  the 
sides  of  the  canyon.  Between  Castella  and  milepost  311,  2  miles 
north  of  Sims,  the  river  has  not  yet  worn  down  into  the  older  rocks, 
and  consequently  the  lava  appears  in  the  bed  of  the  stream. 

Sims,  near  the  mouth  of  Hazel  Creek,  which  enters  the  Sacramento 
from  the  east,  is  frequented  by  trout  fishermen,  the  upper  Sacra- 
mento affording  excellent  sport  with  the  fly.     Some 
Sims.  asbestos  occurs  in  the  serpentine  west  of  the  station. 

Elevation  1,679  feet.     Near  milepost  307  the  railroad  crosses  Shotgun  Creek 
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on  which  chromite  was  mined  a  few  years  ago. 

The  scenery  along  the  Sacramento  Canyon  from  Shasta  Springs 
Redding  is  varied  and  charming.     In  places  the  river  is  narrow] 
confined  between  steep  slopes  2,000  feet  in  height.     Elsewhere  tl 
valley  opens  and  little  farms  are  perched  on  the  hillside  benches, 
the  slopes  are  well  wooded,  for  although  lumbermen  have  come  ai 
gone  the  country  is  rapidly  being  reforested  and  daily  grows  maj 
attractive.     The  clear  rushing  Sacramento,  here  foaming  over  bo1 
ders,  there  flashing  more  quietly  under  the  large  leaves  of  the  wm 
saxifrage  (PeMphyllum  pdUUum),  which  grows  in  beautiful  masj 
along  the  water's  edge,  is  a  stream  to  delight  the  heart  of  a  fishemis 
Along  it  may  be  seen  the  expert  with  the  fly  wielding  his  delici 
tackle,  in  contrast  with  the  Indian  under  his  tentlike  shelter,  waitii 
spear  in  hand,  for  the  unsuspecting  salmon. 

A  mile  below  Gibson  (see  sheet  9,  p.  70),  at  milepost  303,  igneoj 
rocks  are  succeeded  by  slates  and  sandstones  (the  Bragdon  formation 
of  Carboniferous  age.     These  continue  with  few  interruptions 
nearly  20  miles. 

Good  exposures  of  slate  appear  as  Lamoine  station  is  approach* 

and  terraces,  remnants  of  the  lava  flow  from  Shast 
Lamoine.  may  \>e  seen  on  both  sides  of  the  river.     About  75,0^ 

Elevation  1,300  feet,     f^t  of  lumber,  of  which  one-third  is  obtained  fri 
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the  adjacent  Shasta  National  Forest,  is  cut  daily 
Lamoine.     About  half  of  this  lumber  is  manufactured  locally  in!* 
boxes.  r 
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Near  Delta  the  Bragdon  slates  make  rugged  slopes  and  the  forest 
growth  becomes  scanty.  The  light-colored  digger  pine  (Pinua  aabi- 
niana),  with  its  strangely  thin  foliage  and  unpinelike 
Delta,  habit  of  branching,  becomes  prominent.     Associated 

EWsiion  1,137  feet,  with  it  are  live  oaks,  buckeyes,  and  shrubs  character- 
iStilwni'ftw  ^tic  °'  l°wer  altitudes  and  drier  climate  than  those 
of  the  country  about  Mount  Shasta.  From  Delta 
stages  run  west  over  the  mountain  to  Trinity  Center  and  Carrville, 
where  gold  is  won  from  both  placer  and  lode  mines. 

Half  a  mile  below  Delta,  on  the  right  (southwest),  is  a  bluff  of  slate 
overlain  by  10  feet  of  gold-bearing  gravel  deposited  by  the  river  when 
its  bed  was  about  70  feet  higher  than  now.  The  gravel  is  covered  by 
the  lava  from  Mount  Shasta,  as  illustrated  in  figure  11.  Since  the 
lava  flowed  down  the  canyon  the  river  has  cut  not  only  through  the 
lava  and  gravel  but  60  feet  into  the  slates. 


Fkjpse  11.— Section  of  canyon  of  Sacramento  River  Just  below  Delta,  Col.  o,  Terrace  formed:  by  rem. 
uant  ot  lava  stream  that  flowed  down  the  canyon  or  the  Sacramento  from  Mount  Shasta  to  a  point  10 
miles  south  ot  Delta;  o,  ancient  gravel  bed  ot  the  Sacramento  covered  by  the  lava  flow  Irom  Mount 
Shasta  {gravel  is  auriferous);  e,  slates  of  Carboniferous  age  In  which  the  canyon  is  cut;  d,  portion  of 
the  canyon  (TO  feet}  cut  by  the  river  since  the  lava  Bowed  from  Mount  Bhaata. 

The  old  California-Oregon  wagon  rood  crosses  the  river  and  railroad 
at  Antler  (Smithson),  and  the  Pacific  Highway  crosses  about  2  miles 
farther   south.     Near  milepost   287    the   lava    flow 
*"""■  from  Mount  Shasta  ends.     Its  entire  length  is  about 

seoWe'oBs^jieT1        °0  miles.     Here  the  railroad  crosses  the  river  and 
goes  through  a  tunnel. 
Between  some  of  the  beds  of  slate  and  sandstone,  which  are  well  ex- 
posed along  this  part  of  the  route,  are  beds  of  lighter-colored  gray  con- 
glomerate, generally  less  than  10  feet  thick.    Most  of 
Elmore.  jn0  pfjbbiga  are  flinty,  but  many  of  them  consist  of  fos- 

Eievotion  so*  feet.  siliferous  limestone.  These  limestone  pebbles,  after 
long  exposure  to  the  weather,  dissolve  away,  leaving 
holes  that  can  be  seen  from  the  train.  The  coarsest  conglomerates  of 
the  Bragdon  formation,  to  which  all  these  rocks  belong,  occur  near 
Elmore,  where  the  limestone  pebbles  contain  Devonian  fossils.  The 
occurrence  of  these  pebbles  shows  that  the  Devonian  rocks  (Kennett 

96286°— Bull.  B14— 16 fi 
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formation)  were  subjected  to  erosion  and  that  fragments  of  them 
were  rounded  into  pebbles  by  waves  or  streams  before  the  overlying 
Carboniferous    (Bragdon)    formation   was   deposited.    In   geologic 
language  the  Bragdon  formation  rests  unconformably  on  the  slates, 
cherts,  and  limestones  which  make  up  the  Kennett  formation.     The 
passage  from  the  Bragdon  formation  to  the  Kennett  formation  is 
near  a  point  280.7  miles  from  San  Francisco,  but  the  unconformity 
can  not  be  seen  from  the  train.     The  Kennett  formation  is  succeeded 
on  the  south  by  igneous  rocks — a  light-colored  quartz  porphyry  and 
a  greenish  lava  (meta-andesite — that  is,  altered  andesite).    These 
two  rocks  are  closely  connected  with  the  occurrence  of  the  large  copper 
deposits  of  Shasta  County.     The  altered  andesite  is  older  than  the 
Kennett  formation  and  represents  volcanic  action  in  early  Paleozoic 
time.     The  porphyry  is  intrusive  and  was  probably  injected  into  the 
rocks  with  which  it  is  associated  in  late  Jurassic  time.     From  this 
locality  to  Redding,  a  distance  of  about  20  miles,  these  are  almost 
the  only  rocks  visible  along  the  railroad. 

Pitt  station  is  near  the  mouth  of  Pit  River,  where  that  stream  joins 
the  much  smaller  Sacramento.     A  branch  railroad  on  the  left  (east) 

leads  to  Heroult,  where  there  is  an  extensive  deposit 
Wtt-  of  iron  ore  and  an  electric  smelter,  and  to  Copper 

Elevation  688  feet.       (fay  an(j  Bully  Hill,  where  there  are  large  copper 
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mines. 
A  mile  beyond  Pitt  is  tunnel  No.  2,  at  the  farther  end  of  which.,  on 
the  right  (west),  there  is  exposed  a  narrow  north-south  belt  of  Devo- 
nian slates  (Kennett  formation).  This  belt  lies  in  a  large  area  of 
meta-andesite.  It  probably  represents  material  which  once  lav 
horizontally  on  top  of  the  andesite  but  which,  when  the  rocks  were 
bent  into  sags  and  arches  by  regional  pressure — folded,  as  geologists 
say — was  caught  in  a  sag  (syncline)  and  finally  squeezed  together 
a3  a  narrow  slate  belt  between  two  masses  of  meta-andesite. 

Kennett  is  the  northernmost  of  the  three  active  centers  of  copper 
mining  in  Shasta  County,  and  the  Mammoth  mine  is  about  3  miles 

northwest  of  the  town.     The  ore  of  this  region 
Kennett.  pyritic  and  occurs  as  large  bodies  of  irregular  sha 

Elevation  67o  feet.       jn    the   quartz   porphyry   referred    to   above.     Th 

fumes  from  the  smelter  are  treated  by  the  bag  prcxre* 
before  they  are  allowed  to  escape  into  the  open  air.     By  this  meai 
some  of  the  zinc  in  the  ore  is  saved  in  the  form  of  zinc  sulphate    i 
white  pigment.  '    I 

Fossil-bearing  limestone  belonging  to  the  Kennett  formatiaJ 
(Devonian)  caps  the  ridges  on  both  sides  of  Backbone  Creek.  Li™ 
and  ground  limestone,  used  as  a  fertilizer,  are  both  made  here. 
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A  belt  of  country  in  Shasta  County,  extending  25  miles  northeast- 
ward from  Kennett,  is  especially  noted  for  its  Devonian,  Carbon- 
iferous, Triassic,  and  Jurassic  fossils.1 

On  leaving  Kennett  the  train  crosses  Backbone  Creek.  Here  lime- 
kilns may  be  seen  on  the  right  (north),  and  a  copper  smelter  is  farther 
up  the  creek,  behind  them.  From  Kennett  southward  for  many  miles 
the  railroad  traverses  a  region  of  desolation.  The  fumes  from  the 
copper  smelters  at  Coram,  Kennett,  and  Keswick  have  killed  all 
vegetation  and  left  bare  slopes  whose  coloring  suggests  the  sun-baked 
hills  of  the  desert.  The  principal  copper  mines  are  in  the  hills  of 
porphyry  to  the  right  (west).  To  the  left,  across  the  river,  is  the 
meta-andesite,  which  contains  numerous  gold  quartz  veins. 

The  Balaklala  copper  mine  is  3  miles  northwest  of  Coram,  west  of 
the  hills,  and  the  smelter  is  at  South  Coram,  a  mile  from  the  station. 

Across  the  Sacramento,  opposite  Motion,  formerly 
called  Copley,  a  bench  or  terrace  may  be  discerned 
about  200  feet  above  the  river.  This  is  cut  in  rock 
and  is  the  work  of  the  river  at  a  former  period  of  its 
history.     It  may  be  traced  from  this  place  into  the 


Coram. 

Elevation  630  feet. 
Population  666. 
Seattle  684  miles. 


1  On  McCloud  River,  which  flows  into 
the  Pit  about  6  miles  east  of  Kennett, 
there  are  in  the  McCloud  limestone  a 
number   of  Pleistocene  caverns  which 
contain  animal  remains  of  considerable 
scientific  interest,   described  by  J.   C. 
Meniam.     In  Potter  Creek  Cave,  about 
2  miles  above  the  mouth  of  the  McCloud, 
foesil  remains  of  more  than  50  species  of 
animals  were  found  in  deposits  on  the 
floor.     Approximately  half  of  the  total 
number  of  species  were  extinct.    Among 
the   animals  represented  in  this   cave 
were  the  great  extinct  cave  bear,  another 
bear  more  nearly  related  to  the  living 
black  bear,  a  large  extinct  lion,  a  puma, 
an  extinct  wolf,  and  fragmentary  spec- 
imens representing  the  mountain  goat, 
deer,   bison,    camel,   ground  sloth,  ele- 
phant, mastodon,  an  extinct  horse,  and 
a    peculiar  goatlike  animal   known  as 
Euceratherium. 

Samwel  Cave,  which  is  about  18  miles 
from  the  mouth  of  the  McCloud,  is  a  large 
cavern  with  many  galleries,  in  several  of 
which  the  cave  earth  contains  remains  of 
extinct  animals.  Among  these  is  another 
peculiar  extinct  goatlike  animal,  known 
as  Preptoceras. 


The  beautifully  coiled  and  intricately 
marked  fossil  shells  known  as  ammonites 
are  especially  abundant  in  the  Triassic 
rocks  of  this  region,  and  the  Upper 
Triassic  HosBelkus  limestone  of  the  region 
contains  numerous  remains  of  marine 
reptiles.  Bones  have  been  found  repre- 
senting the  ichthyosaurs  (fish  lizards) 
and  another  peculiar  marine  group,  the 
thalattosaurs  (sea  lizards).  Numerous 
fragments  have  been  obtained  from  these 
deposits,  but  the  skeletons  are  nearly  all 
imperfect  and  do  not  show  the  wonderful 
preservation  of  the  Middle  Triassic  spec- 
imens from  Nevada. 

The  history  of  the  ichthyosaurs  found 
in  the  Middle  and  Upper  Triassic  of  the 
western  region  presents  one  of  the  most 
interesting  studies  of  evolution  thus 
far  known  in  the  story  of  this  group. 
The  Middle  Triassic  forms  are  much  more 
primitive  in  every  respect  than  those  ol 
the  following  Jurassic  period  and  show 
less  advanced  specialization  of  the  limbs, 
tail,  eyes,  and  teeth  for  life  on  the  high 
seas.  The  Upper  Triassic  types  also  are 
relatively  primitive  but  are  intermediate 
between  the  Middle  Triassic  and  the 
Jurassic  stages  of  evolution. 
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Keswick. 

Elevation  667  feet. 
Population  1,437.*  » 
Seattle  092  miles. 


north  end  of  the  Sacramento  Valley.     At  Buckeye,  4  miles  north  of 

Redding  and  about  3  miles  east  of  the  railroad,  rich  gold-bearing 

gravels,  left  by  the  river  on  this  bench,  were  formerly  worked. 

Gold-bearing  quartz  veins  are  worked  at  the  Reed 

Central  Mine.        mine,  on  the  left  (east)  across  the  river  from  Central 

Seattle  690  miles.        Mine  station.   The  ore  is  brought  to  the  railroad  by  a 

bucket  tramway. 
The  Iron  Mountain  mine,  which  has  produced  copper  to  the  value 

of  over  $33,000,000,  is  5  miles  northwest  of  Keswick,  with  which  it  is 

connected  by  a  very  crooked  narrow-gage  railway. 
The  ore  of  this  mine  is  pyritic  and,  although  of  low 
grade,  contains  considerable  gold  and  silver.  It  is 
smelted  near  Martinez,  on  San  Francisco  Bay,  where 
part  of  the  sulphur  from  the  pyrite  is  manufactured 

into  sulphuric  acid.    The  acid  in  turn  is  used  for  converting  rock 

phosphate  into  fertilizer. 
At  Keswick  the  rock  terrace  200  feet  above  Sacramento  River,  first 

noted  at  Motion,  is  visible  along  both  banks  of  the  river.    On  the  west 

side  some  patches  of  gravel  lie  on  the  terrace. 

Middle  Creek,  which  is  crossed  near  the  station  of  the  same  name, 

was  at  one  time  rich  in  placer  gold,  and  dredges  may  be  seen  in  Sac- 
ramento   River   below,    recovering   from    the   river 

Middle  Greek.       gravels  gold  that  probably  came  in  large  part  from 

Elevation  526  feet.       this  creek.    The  rocky  ledges  alone  the  river  here  are 

Seattle 695 miles.  x  j      -A  t       xtl-         .    .    .A       t\  -    ,, 

meta-andesite.  In  tins  vicinity  the  canyon  of  the 
Sacramento  opens  out  into  the  wider  valley  that  forms  a  part  of  the 
Great  Valley  of  California.  This  wider  portion  is  the  area  generally 
called  the  Sacramento  Valley  and  is  described  below  from  data  fur- 
nished by  Kirk  Bryan.2    A  mile  and  a  quarter  beyond  Middle  Creek 


1  Including  Coram  and  other  places. 

2  The  Sacramento  Valley  extends  from 
the  vicinity  of  Bedding  on  the  north  to 
Carquinez  Straits  on  the  south.  It  is  a 
broad,  flat  plain  160  miles  long,  50  miles 
wide  at  the  south,  and  tapering  gradually 
to  about  20  miles  in  width  near  Bedding. 
The  valley  is  557  feet  above  the  sea  at 
Bedding  and  slopes  down  to  sea  level  at 
Suiflun  Bay. 

The  area  of  the  valley  is  about  6,500 
square  miles,  of  which  2,633,000  acres, 
nearly  two-thirds — is  bottom  land.  On 
the  east  side  of  Sacramento  Biver  535,000 
acres  and  on  the  west  side  424,500  acres, 
or  959,000  acres  in  all,  is  now  subject  to 
occasional  overflow.    Of  this  land  more 

an  300,000  acres  is  protected  by  dikes. 


The  total  irrigable  area,  including  the 
rolling  land  lying  north  of  Bed  Bluff,  is 
2,500,000  acres,  of  which  123,500  acres  was 
irrigated  in  1912. 

The  principal  tributaries  of  the  Sacra- 
mento are  Feather,  American,  and  Moke- 
lumne  rivers,  which  rise  in  the  Sierra 
Nevada.  In  the  flatter  parts  of  the  valley 
overflow  at  some  point  is  a  yearly  occur- 
rence. The  overflowed  lands,  which  in 
many  places  support  a  luxuriant  swamp 
vegetation,  are  among  the  most  fertile  in 
the  valley,  and  levees  have  been  built  to 
reclaim  them. 

For  Ave  months,  October  to  March,  the 
weather  is  cool  and  rainy,  but  the  rest  of 
the  year  is  practically  rainless.  Summer 
temperatures  are  high,  reaching  115°  F., 
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the  river  cuts  through  fossiliferous  Upper  Cretaceous  (Chico)  sand- 
stone and  conglomerate.  These  rocks  unconformably  overlap  the 
older  rocks  of  the  Klamath  Mountains,  including  the  meta-andesite. 
On  the  right  the  bluff  affords  a  section  of  the  sands  and  gravels  of  the 
Red  Bluff  formation,  which  occupies  a  large  area  in  the  Sacramento 
Valley. 


but  the  nigh  to  are  cool  and  the  air  dry. 
The  winter  temperature  seldom  falls 
below  freezing,  and  18°  above  zero  is  the 
lowest  temperature  recorded  in  60  years. 
Snow  is  almost  unknown. 

The  character  of  the  climate  is  reflected 
in  the  life  of  the  people.  With  the  begin- 
ning of  the  rains  In  the  fall  grass  springs  up 
and  cattle  and  sheep  are  brought  down 
from  the  mountains  where  they  have 
passed  the  summer.  The  overflowed  tule 
lands  in  the  center  of  the  valley  are  grazed 
in  the  long  dry  summer,  but  with  the 
coming  of  the  rains  the  cattle  are  taken  to 
the  higher  plains.  The  grain  farmer  sows 
his  wheat  and  barley  in  the  fall  and  har- 
vests them  early  in  the  summer.  He  lets 
his  land  lie  fallow  after  the  rains,  to  be 
planted  dry  in  the  fall.  All  the  decidu- 
ous fruits  bear  heavily  and  are  rarely 
damaged  by  frost.  The  more  delicate 
fruits  and  nuts — apricots,  almonds,  wal- 
nuts, olives,  lemons,  and  oranges — grow 
well  when  assisted  by  irrigation.  There 
are  large  areas  of  vineyards  and  the  long 
dry  season  is  favorable  to  the  concentra- 
tion of  sugar  in  the  grape  and  to  the  dry- 
ing of  the  grapes  to  make  raisins. 

The  agricultural  character  of  the  valley 
is  closely  related  to  its  geologic  history. 
With  the  uplift  of  the  Sierra  Nevada  and 
Coast  Range  in  Pliocene  time  the  valley 
became  land,  and  deposition  of  alluvial 
materials  began  under  conditions  similar 
to  those  of  the  present  time. 

The  alluvium  is  of  two  kinds — an  older 
and  a  younger.  The  older  alluvium  is  of 
Pleistocene  or  possibly  of  late  Pliocene 
age  and  rests  on  the  eroded  edges  of  Mio- 
cene and  older  rocks.  It  is  composed  of 
clay,  sand,  and  gravel  and  varies  much  in 
appearance  and  composition.  It  is  dis- 
tinguished from  the  younger  alluvium  by 
the  fact  that  it  is  now  undergoing  dis- 
section by  streams  and  by  the  greater 
oxidation  and  dehydration  of  its  iron  con- 


tent. Because  of  this  oxidation  it  is 
characteristically  red. 

The  deposition  of  the  older  alluvium 
was  followed  by  uplift  in  both  the  Sierra 
Nevada  and  the  Coast  Range.  The 
edges  of  the  valley  were  bent  up  and  the 
middle  gently  bowed  down.  In  conse- 
quence of  this  movement  the  older  allu- 
vium was  uplifted  along  the  borders  of 
the  valley,  and  streams  began  to  cut  into 
it.  At  this  time  began  the  deposition 
of  the  younger  alluvium,  which  has  con- 
tinued to  the  present  day .  This  material 
floors  by  far  the  larger  part  of  the  valley 
and  is  as  varied  in  character  as  the  older 
alluvium.  The  deposits  are  compara- 
tively thin,  probably  nowhere  in  the 
valley  over  300  to  400  feet  thick.  Every 
high  water  adds  to  them,  and  this  is  so 
well  understood  that  farmers  have  been 
known  to  deliberately  turn  flood  waters 
on  their  land  for  the  benefit  derived  from 
the  sediment  left  behind. 

The  recent  alluvium  is  the  most  pro- 
ductive water  bearer  of  the  valley  forma- 
tions, largely  because  its  gravels  and 
sands  are  uncemented  and  porous.  The 
water  usually  lies  within  25  feet  of  the 
surface,  but  its  level  fluctuates  with  the 
seasons.  This  fluctuation  is  seldom  more 
than  10  to  15  feet,  a  fact  which  indicates 
that  a  much  larger  volume  of  water  is 
available  than  is  at  present  utilized. 

The  Sacramento  Valley  is  now  in  a 
state  of  rapid  change.  The  overflowed 
lands  are  being  divided  into  large  districts 
for  reclamation  by  levees  and  drainage. 
After  reclamation  they  are  cut  up  into 
small  lots  and  colonized.  Grain  ranches 
are  being  subdivided  and  sold  in  small  ir- 
rigated tracts.  In  consequence  the  popu- 
lation is  increasing  and  its  character  is 
changing.  The  keen ,  intelligent  irrigator, 
raising  special  crops,  living  a  community 
life,  and  keeping  abreast  of  the  times,  is 
replacing  the  old-time  rancher. 
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Redding. 

Elevation  557  feet. 
Population  3,572. 
Seattle  698  miles. 


Redding,  the  seat  of  Shasta  County,  is  the  supply  point  for  much 
of  the  southern  part  of  the  Klamath  Mountains,  especially  the  region 

drained  by  Trinity  River  and  about  Weaverville,  a 
town  50  miles  from  Redding,  reached  by  a  daily  auto- 
mobile stage.  The  basin  in  which  Weaverville  stands 
has  been  the  richest  and  most  persistently  produc- 
tive gold-placer  region  of  northern  California.  At 
the  La  Grange  mine,  reported  to  be  the  largest  hydraulic  mine  in  the 
world,  about  1,000  cubic  yards  of  gravel  is  washed  each  hour.  A 
stage  line  runs  eastward  from  Redding  across  the  low  Cascade  Range 
north  of  Lassen  Peak  to  Alturas,  which  is  within  the  Great  Basin, 
east  of  the  Pacific  coast  mountain  belt. 

Redding  is  built  on  the  division  of  the  older  alluvium  of  Sacra- 
mento Valley  that  has  been  named  the  Red  Bluff  formation.    The 
railroad  cuts  in  the  plain  south  of  the  town  show  much  coarse  gravel 
belonging  to  this  formation.    To  the  west  the  gravel  laps  up  over  a 
terrace  that  is  traceable  around  the  northwest  border  of  the  Sacra 
mento  Valley  and  is  continuous  with  the  terrace  along  the  rive 
above  Redding,  already  noted.    Beyond  the  terrace  may  be  seen  to| 
the  northwest  the  rounded  form  of  Bally  Mountain  (6,246  feet),  com 
posed  of  granodiorite,  and  in  the  west  the  sharper  form  of  Bull 
Choop  (7,073  feet),  composed  of  peridotite. 

At  milepost  253  the  railroad  crosses  Clear  Creek,  which  drains  th 
French  Gulch  mining  district  and  on  which  is  Horsetown,  noted  f 
its  formerly  active  placer  mines  and  for  its  Lower  Cretaceous  fossi 
To  the  northeast  the  horizon  shows  the  outlines  of  the  numero 
conical  volcanic  hills  characteristic  of  this  part  of  the  Cascade  R 
The  highest  of  them  is  Lassen  Peak  (10,437  feet),  an  active  vole 
recently  in  eruption.    To  the  left,  farther  north,  is  Crater  Peak  (8,7 
feet),  on  which  snow  remains  into  July.    The  Lassen  Peak  vole 
ridge  fills  the  50-mile  gap  between  the  Klamath  Mountains  and  t 
Sierra  Nevada. 

From  Anderson  a  short  railroad  line  runs  northward  to  Bell 

vista.     Directly  cast   of   Anderson    Is  Shingleto 
Butte,  a  perfect  little  extinct  volcanic  cone.     F 
Panorama  Point  may  be  obtained  the  best  view 
Lassen  Peak  to  be  had  from  the  railroad.     Shingl 
town  Butte  is  in  the  foreground,  and  Inskip  Hill 
group  of  recent  craters,  lies  to  the  right  (south)  of 
A  quarter  of  a  mile  south  of  Cottonwood  sta 
the  railroad  crosses  Cottonwood  Creek,  on  which; 
miles  to  the  west,  are  some  peculiar  sandstone 
Here  cracks  in  the  rocks  that  were  formed  by 
ancient  earthquake  have  been  filled  with  sand, 
the  sand  filling  has  hardened  into  rock,  so  that  the  dikes  resemble 
igneous  dikes. 
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Anderson. 

Elevation  433  feet. 
Population  1,801  * 
Seattle  709  miles. 

Panorama  Point. 

Seattle  713  miles. 

Cottonwood. 

Elevation  423  feet. 
Population  439  * 
Seattle  716  miles. 
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At  milepost  236  may  be  had  a  view  of  the  North  and  South  Yolla 
Bolly  Mountains,  on  the  right  (west),  with  snowbanks  lasting  into 
July.  Toms  Head  is  between  them.  These  peaks  are  at  the  south 
end  of  the  Klamath  Mountains.  Beyond  and  to  the  left  of  them  is 
the  Coast  Range  of  California. 

A  low,  broad  uplift  of  the  Quaternary  formations,  the  Red  Bluff 
arch,  runs  in  an  easterly  direction  across  the  northern  portion  of  the 

Sacramento  Valley.  The  railroad  crosses  this  arch 
Hooker.  through  cuts  in  gravel  near  Hooker,  and  Sacramento 

f*?^543,!"*'       River  crosses  it  farther  east,  in  Iron  Canyon.    The 

Seattle  722  miles.  .  '    .  J 

possibility  of  damming  the  river  here  affords  the 
basis  of  an  extensive  project  for  irrigating  400,000  acres  in  Tehama 
County.     Beyond  Hooker  the  train  passes  Ivrea  and  Blunt. 

Red  Bluff  (see  sheet  10,  p.  74),  a  thriving  town,  is  the  seat  of 
Tehama  County.    It  takes  its  name  from  the  adjacent  river  bluff, 

about  50  feet  high,  in  which  is  exposed  a  fine  section 
Red  Bluff.  0f  the  sands  and  gravels  of  the  older  alluvium  (Red 

Elevation 308 feet.       Bluff  formation),  bowed  up  by  the  Red  Bluff  arch. 
Seattle  733  miles.        The  town  is  the  head  of  navigation  on  Sacramento 

River  and  a  supply  point  for  a  large  area  of  farming 
and  stock  country.  It  is  at  the  northern  limit  of  the  citrus  belt,  and 
oranges,  lemons,  almonds,  and  figs  are  raised  here,  but  more  atten- 
tion is  paid  to  peaches,  pears,  and  prunes. 

The  Lassen  Peak  region  and  the  great  volcanic  plain  west  of  it 
may  be  most  easily  reached  from  Red  Bluff  during  the  summer  by 

automobile  or  stage  to  Mineral,  Morgan  Springs,  or 

Side  trip  to  Las-    Drakesbad,  by  way  of  the  Red  Bluff-Susanville  stage 

Cinder  Cone.     road.     From  these  places  trails  lead  to  the  mountain. 

The  trail  from  Mineral  passes  Soupan  Hot  Springs 

and  the  boiling  mud  pots  and  sulphur-lined  fumaroles  at  the  head  of 

Mill  Creek.     At  Morgan  Springs  there  are  hot-spring  baths,  and  the 

trail  from  this  place  passes  Bumpass  Hell,  a  vigorous  solf atara.     Near 

Drakesbad  are  the  Geyser,  a  large  boiling  spring;  Tartarus  Lake,  a 

boiling  mud  lake  of  3  acres,  encircled  by  fumaroles  and  boiling  springs ; 

and  the  Devil's  Kitchen,  an  area  of  solfataras.     Warner  Greek  runs 

directly  through  the  Devil's  Kitchen,  so  that  a  fisherman  may  catch 

and  cook  his  fish  from  the  same  stand.     Cinder  Cone,  the  work  of  a 

recent  volcanic  eruption,  is  within  a  day's  reach.     It  has  been  made 

a  national  monument. 

Lassen  Peak,  from  which  since  May  30,  1914,  there  have  been 
many  eruptions,  may  be  easily  reached  by  trail  from  Drakesbad. 
The  character  of  its  outbursts  is  shown  in  Plato  XXII  (p.  72),  and 
its  new  crater  in  Plate  XXIII.  The  enormous  rolling  cloud  which 
rises  above  the  crater  during  an  eruption  and  which  is  plainly  visible 
from  the  railroad  is  composed  of  rock  fragments,  rock  dust,  and  steam, 
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with  perhaps  other  gases.  No  fresh  lava  has  issued  from  the  crater. 
The  dust  and  fragments  blown  out  by  the  explosive  action  of  the  hot 
gases  are  derived  from  the  older  solid  lava  through  which  these  gases 
have  burst  their  way.  The  opportunity  to  observe  a  vigorous  vol- 
canic eruption  in  safety  from  a  railroad  train  is  itself  a  rare  one,  and 
the  obstacles  to  a  nearer  approach  need  daunt  no  one  who  is  willing 
to  travel  by  stage  and  put  up  with  simple  accommodations.  Drakes- 
bad  may  be  reached  by  automobile  not  only  from  the  west  by  way 
of  Red  Bluff  but  also  from  the  east  by  way  of  Westwood,  on  the 
Southern  Pacific,  or  Keddie,  on  the  Western  Pacific. 

Tuscan  Springs,  a  health  resort  9  miles  northeast  of  Red  Bluff, 
may  be  reached  by  daily  stage.  The  springs,  which  are  hot,  rise  in  a 
small  area  of  Upper  Cretaceous  shales  (Chico)  surrounded  by  a  large 
mass  of  volcanic  tuff  thrown  out  from  the  volcanoes  of  the  Lassen 
Peak  region. 

At  Proberta  the  railroad  approaches  the  top  of  the  bluff  which 
limits  the  flood  plain  of  the  Sacramento  on  the  west.     The  route 

continues  along  the  bluff  to  Gerber.     The  Kimball 
Plains,  about  12  miles  wide,  he  to  the  right  (west). 
Seattle  740  mii«.        Below,  to  the  left,  in  the  fertile  river  bottoms,  may 
be  seen  hop  and  alfalfa  fields  irrigated  by  water  pumped  from  wells. 
Gerber  will  soon  succeed  Red  Bluff  as  the  division  point  for  this 
portion  of  the  route.     Here  the  train  descends  into  the  river  bot- 
toms and,  passing  through  green  alfalfa  fields,  crosses 
Elder   Creek   before    entering   Tehama.     On   Elder 
s«ttie  74i  miles.        (fr^  about  20  miles  west  of  this  point,  is  exposed 

a  famous  section  of  Cretaceous  rocks  29,000  feet  in  thickness.  This 
great  body  of  Cretaceous  strata  is  inclined  eastward,  extending 
beneath  the  later  formations  that  fill  the  Sacramento  Vallev  on 
the  east  and  lapping  up  against  the  Coast  Range,  which  is  made  up 
mainly  of  older  rocks  on  the  west.  The  tilted  Cretaceous  rocks  are 
beveled  by  erosion,  and  their  edges  form  a  broad  terrace  or  plain 
along  the  western  border  of  the  Sacramento  Valley  at  the  foot  of  the 
Coast  Range. 

The  town  of  Tehama  is  about  half  a  mile  east  of  the  railroad  station 
and  is  the  oldest  settlement  in  the  county.     The  soil  hereabouts  is 

rich,  but  the  country  is  occasionally  overflowed.  A 
Tehama.  wagon  bridge  crosses  the  river  to  the  green  irrigated 

Elevation  223  feet       alfalfa   fields   of    the  new   colony  of    Los    Molinos 
settle  T^mto.         (mo-lee 'nos).     Here  may  be  seen  good  examples  of 

the  beautiful  oaks  characteristic  of  valley  scenery 
in  California.  Tehama  is  on  the  later  alluvium,  but  beyond  it  the 
lino  ascends  again  to  the  gravel  plain  of  the  reddish  older  alluvium. 
From  Tehama  the  Marysville  line  turns  off  to  the  left,  crosses  the 
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Sacramento,  and  goes  south  on  the  east  side  of  the  valley.  The 
main  line  continues  down  the  west  side  of  the  valley.  The  distances 
gi^en  for  the  stations  as  far  as  Davis  (p.  77)  are  measured  by  way  of 
the  main  line.  The  distances  given  for  stations  south  of  Davis  are 
measured  by  way  of  the  Marysville  line,  which  is  27  miles  longer. 

Surrounded  by  grain  fields  and  groves  of  oranges  and  olives,  Rich- 
field lies  to  the  left  (east)  of  the  railroad,  in  the  valley  of  Thomas 

Creek.  On  this  newly  colonized  tract  wells  have 
Richfield.  been  sunk  and  electric  pumps  installed.     About  800 

Elevation  236  feet.       acres  were  irrigated  in  1913.    An  electric  pump  and 

Seattle  749  miles.  n        •         *  i  * 

water  flowing  from  an  8-inch  pipe  can  be  seen  at 
milepost  181,  on  the  left.  In  the  3  miles  from  Richfield  to  Corning 
the  track  follows  a  swale  of  recent  alluvium,  in  which  the  soil  is  finer 
and  darker  than  that  of  the  gravel  plains. 

Corning  is  the  center  of  the  Maywood  colony  and  has  probably 
doubled  its  population  since  the  last  census.     It  is  the  shipping  point 

for  lai^ge  numbers  of  turkeys  raised  on  the  neighboring 
Corning.  plains,  and  for  much  dried  fruit  and  olives.     The 

Elevation  271  feet.  locality  has  long  been  famous  for  peaches  and  prunes, 
population  972.  ^u^  present  interest  centers  in  olive  culture.    The 

white  building  of  mission  architecture  on  the  left  of 
the  track  south  of  the  station  is  an  olive-pickling  factory.  Eucalyptus 
trees  are  abundant  here,  and  palms  line  the  streets. 

Three  miles  south  of  Corning  the  railroad  swings  toward  the  east, 
passing  through  Kirkwood  and  over  the  plains  to  Malton  station, 
where  it  crosses  the  line  between  Tehama  and  Glenn  counties.  The 
road  here  runs  over  a  gravelly  deposit  (alluvial  fan)  built  up,  during 
comparatively  recent  time,  by  Stony  Creek,  which  has  its  source  in  the 
Coast  Range.  This  deposit  extends  eastward  from  Black  Butte,  a 
basaltic  crater  6  miles  west  of  the  railroad,  to  the  river.  Gravel  from 
pits  along  Stony  Creek  is  shipped  to  many  parts  of  the  valley  for 
high-class  concrete  work  and  for  railroad  use. 

Near  Orland  appear  the  well-made  ditches  of  the  Orland  project  of 
the  United  States  Reclamation  Service.     Storage  reservoirs  have  been 

constructed  in  the  mountains  to  conserve  the  water 
Orland.  of  Stony  Creek.     The  substantial  concrete  buildings  of 

Kievation  255 feet.  Orland  attest  the  faith  of  its  people  in  the  permanence 
%%££SL        of  Prosperity  under  a  Government  irrigation  project. 

The  project  is  one  of  the  smallest  yet  undertaken  by 
the  Government,  the  land  to  be  irrigated  including  only  about  14,000 
acres,  but  it  is  the  first  unit  in  a  vast  scheme  to  reclaim  a  large  portion 
of  the  Sacramento  Valley.  The  soil  and  climate  of  this  locality  are 
adapted  to  a  great  variety  of  agricultural  and  horticultural  products. 
The  general  elevation  is  190  to  300  feet  above  sea  level,  the  tempera- 
ture from  26°  to  114°,  and  the  annual  rainfall  17  inches.    The  tract 
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is  in  a  citrus  belt,  and  its  oranges,  lemons,  grapefruit,  and  almonds 
ripen  early.  Grain  has  been  grown  upon  this  land  for  years.  Under 
irrigation  the  staple  crop  has  been  alfalfa,  and  dairying  is  an  impor- 
tant industry.  Practically  all  the  lands  have  been  filed  upon  and  can 
be  acquired  only  by  purchase  from  the  present  owners,  who  have 
subdivided  their  holdings  into  farms  of  40  acres  or  L°ss. 

From  Orland  a  branch  line  goes  east  9  miles  to  Hamilton,  a  sugar- 
beet  town  on  the  river. 

As  Orland  is  left  behind  the  Coast  Range  is  in  full  view  on  the  right. 
The  foothills  of  this  range  show  a  certain  evenness  of  crest  which  sug- 
gests that  the  tops  of  the  hills  are  remnants  of  a  surface  that  was  once 
almost  level  (a  peneplain).  This  old  surface  was  possibly  at  one  time 
continuous  with  the  bench  at  the  head  of  Sacramento  Valley  previ- 
ously noted.  West  of  Orland  it  cuts  across  the  beveled  edges  of 
upturned  Cretaceous  strata.  The  crest  line  of  the  Coast  Range, 
while  less  even  than  that  of  the  foothills,  is  suggestive  of  the  for- 
mer existence  of  a  much  older  peneplain  which  probably  extended 
over  what  are  now  the  Klamath  Mountains.  In  other  words,  both 
ranges  simply  represent  what  is  left  after  an  old,  gently  rolling  sur- 
face has  been  uplifted  and  valleys  have  been  eroded  in  it. 

To  the  southeast  appear  the  tops  of  the  Marysville  Buttes,  a  rough 
mass  of  mountains  standing  isolated  in  the  middle  of  the  flat  valley, 
above  which  they  rise  about  2,000  feet.  These  buttes  are  the  eroded 
remnants  of  an  extinct  volcano. 

From  Greenwood,  3  miles  beyond  Orland,  nearly  to  Colusa  Junction, 
a  distance  of  32  miles,  is  another  straight  stretch  of  north-south  track. 

Germantown  is  a  typical  village  of  the  older  type  in  the  valley, 
now  being  quickened  through  the  subdivision  of  some  of  the  adja- 
cent grain  ranches  and  the  development  of  the  land 
Germantown.         by   irrigation.     On   the  right    (west)    as    the    train 
Elevation  158  feet.       leaves  the  town  may  be  seen  the  numerous  pumping 

aZStmSS^.        Plants    of    tho   Shaw   ranch-     Ar^i^1    water  was 

struck  hero  at  a  depth  of  800  feet  and  flows  at  the 

rate  of  200  gallons  a  minute. 

Willows,  the  seat  of  Glenn  County,  is  the  headquarters  of  the 
Sacramento  Valley  Irrigation  Co.,  whose  operations  are  known  as  the 

Kuhn  project.  Water  is  pumped  from  Sacramento 
Willows.  River  above  Hamilton  and  brought  down  in  a  great 

Elevation  134  feet.  ditch  which  is  •  crossed  by  the  railroad  just  below 
Population  i,i39.        Willows.     The  project  covers  60,000  acres,  and  as 

the  land  is  sold  it  is  being  gradually  brought  under 
irrigation.  Development  by  means  of  tho  ditch  has  stimulated  well 
boring  west  and  north  of  the  town. 

From  Willows  a  branch  line  goes  to  Fruto,  in  the  Coast  Range. 
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Maxwell. 

Elevation  03  feet. 
Population  864  * 
Seattle  798  miles. 


Francisco, 
ing  region. 


The  stations  of  Logandale  and  Norman  are  passed  in  turn,  and  1£ 
miles  south  of  Norman  station  the  railroad  crosses  from  Glenn  County 
into  Colusa  County.  Near  Delevan,  the  next  station,  as  at  many 
other  places  along  the  Shasta  Route  in  California,  the  bright-yellow 
to  orange-colored  poppies  (EschsclwUzia  californica)  form  glowing 
clumps  in  spring  and  early  in  the  summer.  Beyond  Maxwell  (see 
sheet  11,  p.  76),  an  old  village  of  the  grain-farming  days,  is  Colusa 

Junction,  where  the  Shasta  Route  crosses  the  Colusa 
&  Lake  Railroad.  This  line  runs  from  Colusa,  on 
Sacramento  River,  westward  to  Lakeport,  in  Lake 
County.  It  passes  at  Sites  the  sandstone  quarry  that 
furnished  the  material  for  the  Ferry  Building  in  San 
Lakeport,  on  Clear  Lake,  in  the  Coast  Range,  is  in  a  farm- 
Evidence  of  recent  volcanic  activity  and  the  occurrence 
of  deposits  of  quicksilver  ore  and  sulphur  give  additional  interest  to 
the  pretty  country  about  Clear  Lake. 

Twenty  miles  east  of  Maxwell  the  rugged  Marysville  Buttes  rise 
abruptly  from  the  plain,  forming  a  landmark  that  can  be  seen  for 
many  miles  in  all  directions.1 
The  land  near  Williams  is  outside  of  the  area  served  by  the  Sac- 
ramento Valley  Irrigation  Co.'s  ditch,  and  the  local 
farmers  pump  their  own  water.  Several  pumping 
plants  may  be  seen  south  of  the  town.  To  the  east 
is  the  Colusa  Basin,  a  shallow  trough  which  parallels 
the  river  as  far  south  as  Knights  Landing,  east  of 
Zamora  station.  When  the  levees  along  the  river  break  this  basin 
is  flooded  and  forms  a  veritable  inland  sea  from  Colusa  to  Knights 
Landing  Ridge. 

West  of  Williams  the  bench  of  older  alluvium  becomes  wider  and 
more  prominent  and  extends  in  a  southeasterly  direction  to  Yolo. 
North  of  the  village  thi3  little  plateau  is  about  400  feet  above  sea  level 


Williams. 

Elevation  79  feet. 
Population  1,463.* 
Seattle  806  miles. 


1  The  Marysville  Buttes  are  a  cluster  of 
hills  about  10  miles  in  diameter,  culmi- 
nating in  South  Butte,  2,132  feet  above 
sea  level.  North  Butte  has  an  elevation 
of  1,863  feet.  The  central  area,  about  4 
miles  in  diameter,  is  composed  of  andesite, 
a  lava  that  was  pushed  up  from  the  in- 
terior of  fhe  earth  in  a  molten  but  stiff 
condition.  Around  the  andesite  is  an 
irregular  belt  of  sandstone  and  shales  of 
Tertiary  age,  bent  upward  by  the  force  of 
intrusion  of  the  andesite  so  that  they  dip 
away  from  thecenter  atanglesof  18°  to  90°. 
An  outer  belt,  about  2  miles  wide,  of 
tuffaceous  breccias,  consisting  of  angular 


fragments  of  lava  of  various  sizes  with 
some  pebbles  of  other  rocks,  surrounds  the 
sandstone  and  shales.  The  material  of 
these  breccia  beds  probably  once  flowed 
from  the  crater  of  the  volcano  as  a  thick 
stony  mud.  The  streams  flowing  down 
from  the  buttes  have  broad  valleys  which 
are  filled  with  alluvium  in  their  lower 
courses.  The  hills  have  an  outer  slope  of 
250  feet  to  the  mile  and  a  steeper  in-facing 
scarp  or  bluff.  A  projection  of  the  outer 
slope  to  the  center  would  restore  the 
outline  of  the  o/d  volcano,  making  it  about 
5,000  feet  high,  or  over  twice  the  present 
height. 
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Arbuclde. 

Elevation  42  feet. 
Population  1,249.* 
Seattle  817  miles. 


Dunnigan. 

Elevation  67  feet. 
Population  333.* 
Seattle  827  miles. 


Zamora. 

Elevation  60  feet. 
Population  292. 
Seattle  835  miles. 


Yolo. 

Elevation  73  feet. 
Seattle  840  miles. 


A 


O 
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and  covered  with  a  scanty  growth  of  oaks.  The  streams  flow  across 
the  plateau  or  bench  at  right  angles  to  the  trend  of  the  bluff  that 
separates  it  from  the  present  flood  plain  of  the  river  and  have  cut 
through  the  alluvium  into  Cretaceous  sandstone  and  shales  that 
dip  toward  the  valley.  The  older  alluvium  rests  on  the  eroded  edges 
of  these  beds.  The  bluff  in  this  locality  is  a  fault  scarp;  that  is,  it 
marks  a  line  of  faulting.  This  fault  extends  from  Williams  south*, 
eastward  to  Cache  Creek  and  there  turns  south  to  Putah  Creek. 

The  Coast  Range  west  of  Williams  is  a  greatly  crushed  and  faulted 
mass  of  Jurassic  and  Cretaceous  rocks. 

From  Williams  the  road  rises  about  63  feet 
Arbuckle,  situated  on  a  fan-shaped  deposit  of  rec 
alluvium  supplied  by  the  dissection  of  the  earli 
Pleistocene   plateau.     The   principal   industry  h 
is  almond  growing. 
At  Harrington  a  branch  road,  called  the  Beet  Line,   turns 
to  Grimes  and  Colusa.     The  line  between  Colusa  and  Yolo  couii 

is  crossed  at  Hershey  station.     Dunnigan,  the  n 
village,  lies  close  under  the  escarpment  of  the  pla 
which  is  here  dissected  by  streams  into   roun 
hills.     On  this  land  are  grown  wheat  and   bar! 
and  the  skill  of  the  farmers  in  taking  traction 
and  combined  harvesters  over  these  hills  is  remarkable.     Notwi 
standing  the  Yecent  changes  in  agriculture  previously  noted, 
great  staple  product  of  the  Sacramento  Valley  is  still  wheat.     Tb 
are  grain  warehouses  at  nearly  every  station,  and  the  traveler 
not  fail  to  realize  that  he  is  passing  through  one  of  the  grea 
wheat  regions  of  the  world.     Near  Dunnigan   a  newer   indus 
is  seen  in  thousands  of  acres  planted  with  eucalyptus  trees. 

At  the  village  of   Zamora  (Blacks    Station 
office),  the  plain  between  the  hills  and  Colusa  B 
is  very  narrow  and  backwater  from  the  tule  land 
been  known  to  come  within  H  miles  of  the  vil 
This  is  a  country  of  fine  oaks. 
From  Zamora  the  railroad  rises  about  30  feet  to  the  villag 
Yolo  on  Cache  Creek.     This  stream  leaves  the  Coast  Range  thro 

Capay  Valley  at  Esparto  and,  crossing  the  pla 
of  older  alluvium,  here  10  miles  wide,  cuts  thro] 
the  escarpment  in  a  terraced  canyon  3  miles  wes 
Yolo.     From  this  point  it  begins  to  deposit 
ment  brought  from   the  mountains.     In   past   time  Cache 
has  built  up  a  considerable  area  of  country  around  Yolo  and  W< 
land  by  means  of  a  number  of  branches.     One  of  these  old  bran 
called  Cache  Creek  Slough,  extends  northeastward  from  Yol 
Knights  Landing  on  Sacramento  River.     The  sediment  dope 
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by  it  has  formed  the  Knights  Landing  Ridge,  an  elevation  hardly 
discernible  to  the  eye,  which  separates  the  Colusa  Basin  from  a 
similar  depression  to  the  south  known  as  the  Yolo  Basin.  The 
fertile  soil  of  the  Yolo  Basin  is  underlain  by  coarse  gravel  from  which 
large  supplies  of  ground  water  are  obtained. 

The  largest  pumping  plant  in  the  valley,  the  St.  Louis  plant  of 
the  Sacramento  Valley  Sugar  Co.,  is  near  Yolo.  It  consists  of  12 
wells  connected  with  an  electrically  driven  15-inch  centrifugal  pump 
having  a  capacity  of  7,000  gallons  a  minute.  From  this  plant  1,200 
acres  were  irrigated  in  1913. 
Woodland  (see  sheet  12,  p.  80)  is  the  seat  of  Yolo  County  and  one 

of  the  oldest  and  richest  towns  in  the  valley.  Irri- 
Woodbnd.  gation  was  begun  here  in  1856  by  diversion  from 

Elevation  60  feet.  Cache  Creek  through  the  Moore  ditch.  The  system 
£££mmZ:        is  now  controlled  by  the  Yolo  Water,  Light  &  Power 

Co.,  which  irrigated  23,000  acres  in  1913.  In  that 
year  about  7,000  acres  east  and  north  of  Woodland  were  planted 
to  sugar  beets. 

From  Woodland  the  railroad  passes  through  a  rich  farming  region 
to  Davis,  where  the  Shasta  Route  joins  the  route  from  Omaha  by 

'  way  of  Ogden  and  Sacramento  to  San  Francisco. 
D**te-  To   the  east  is  the  level  expanse  of  Yolo  Basin, 

Elevation  42  feet.  where  yearly  flooding  prevents  the  growth  of  all 
se^S^nSiw.*       except  tule   (Scirpus  lacustris)   and  coarse  grasses. 

To  the  west  may  be  seen  the  low,  reddish  hills  of 
older  alluvium.  Near  Davis  is  the  large  farm  of  the  University 
of  California  used  for  experimental  and  educational  purposes.  The 
country  in  this  vicinity  is  an  almost  flat  plain  near  sea  level,  but 
nevertheless  high  enough  to  provide  drainage.  With  its  rich  fields 
of  grain  and  orchard  patches  it  has  a  decidedly  prosperous  look. 
Beyond  Davis  the  Coast  Range  becomes  more  prominent,  especially 
to  the  right,  ahead  of  the  train,  showing  as  a  low,  dark  ridge  broken 
by  one  or  more  gaps.  Valley  and  live  oaks  are  again  a  common 
feature  through  the  fields. 

Along  the  Pacific  coast,  from  the  vicinity  of  Santa  Barbara  on  the 
south  to  Humboldt  County  on  the  north,  the  Coast  Ranges  divide 
the  Great  Valley  of  California  from  the  ocean.  They  are  broken  by  the 
one  great  gap  by  which  the  combined  Sacramento  and  San  Joaquin 
rivers  find  outlet  into  the  Bay  of  San  Francisco.  The  Coast  Ranges 
are  geologically  the  most  recent  of  the  great  structural  features  of  the 
State.  They  are  largely  built  up  of  folded  and  crushed  Cretaceous, 
Jurassic,  and  Tertiary  sedimentary  rocks,  which  are  in  places  broken 
through  by  andesitic  and  basaltic  lavas  and  by  older  igneous  rocks 
(diabase  and  other  dark,  heavy  rocks,  in  part  altered  to  serpentine). 

1  By  way  of  main  line;  881  miles  by  way  of  Marysville  branch. 
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Dixon. 

Elevation  61  feet. 
Seattle  889  mfles.i 


Dixon  is  an  agricultural  town  in  Solano  County.  Beyond  it  the 
Coast  Range  now  looms  larger  as  the  traveler  proceeds  westward. 

Elmira  (elevation  79  feet),  a  junction  whence  a 
branch  road  goes  to  Vacaville,  Winters,  and  Rumsey, 
is  next  passed.  Beyond  Elmira  the  road  approaches 
low  foothills  of  the  Coast  Range — first  a  bare  ridge, 
with  gaps,  through  one  of  which  the  railroad  passes  over  a  slight  rise. 
The  factory  of  the  Pacific  Portland  Cement  Co.  and  adjacent  shale 
quarries  can  be  seen  to  the  north.  The  limestone  used  here  to  mix 
with  the  shale  is  brought  from  a  point  near  Auburn. 

The  traveler  coming  across  the  Sacramento  Valley  in  the  day  during 
midsummer  is  likely  to  find  the  trip  warm,  but  on  reaching  this  gap 
in  the  Coast  Range  he  almost  invariably  notices  a  change.  The  cool 
breezes  sweeping  in  from  the  west  and  carrying  the  smell  of  the  salt 
marshes  become  fresher  as  the  train  proceeds,  and  it  is  a  reasonable 
precaution  to  have  wraps  handy  from  this  point  on. 

Beyond  the  first  spur  of  the.  Coast  Range  the  valley  again  broadens. 
Higher  mountains,  more  or  less  darkened  by  scrubby  timber  on  their 
upper  slopes,  border  the  valley  to  the  north  and  far  to  the  south. 
If  the  air  is  moderately  clear,  Mount  Diablo  *  and  the  southern  con- 
tinuation of  the  Coast  Range  may  be  seen.  A  group  of  low,  round, 
and  grassy  hills  afew  miles  to  the  south  are  known  as  the  Potrero  Hills. 
(Potrero,  pronounced  po-tray'ro,  is  Spanish  for  horse  pasture.) 

Suisun  (suey-soon',  locally  soo-soon',  the  name  of  an  Indian  tribe, 
said  to  mean  great  expanse)  and  the  adjoining  town  of  Fairfield  (the 

seat  of  Solano  County,  population  834)  are  at  the 
edge  of  another  swampy  district  green  with  tule. 
From  this  point  the  railroad  is  graded  across  the 
Suisun  Flats,  which  are  so  near  tidewater  level  in 
Suisun  Bay,   to   the  south,   that  no  cultivation   is 


Suisun. 

Elevation  15  feet. 
Population  641. 
Seattle  909  miles. 


1  Distances  for  stations  from  Dixon  to 
San  Francisco  given  by  way  of  Marys- 
ville  line;  to  get  distance  actually  trav- 
eled by  main  line  through  Woodland 
deduct  27  miles. 

2  The  general  outline  and  isolated  posi- 
tion of  Mount  Diablo  have  given  the  im- 
pression that  this  mountain  is  an  old  vol- 
cano. It  represents,  however,  the  higher 
portions  of  an  overturned  arch  or  anticline 
of  sedimentary  rocks  thrust  from  the 
northeast  toward  the  southwest.  From 
its  summit  to  the  sea  level  at  Carquinez 
(car-keenness)  Strait  is  displayed  a  re- 
markably complete  series  of  typical  Coast 
Range  formations,  including  Franciscan, 
Knoxville,  Chico,  Martinez,  Tejon,  Mon- 
terey, San  Pablo,  late  Tertiary  fresh- 
Water  beds,    Pleistocene,   and   Recent. 


Although  Mount  Diablo  is  of  moderate 
height  (3,849  feet),  its  isolation  and  its 
situation  on  the  edge  of  the  Great  Valley 
make  it  one  of  the  finest  viewpoints  in 
the  State.  From  ite  top,  on  a  clear  morn- 
ing, the  summits  of  the  Sierra  Nevada  can 
be  traced  for  over  200  miles.  Lassen  Peak 
is  often  visible  and  sometimes  Mount 
Shasta.  The  Great  Valley  appears  di- 
vided into  squares  like  a  checkerboard 
by  the  section-line  roads  and  fences.  The 
San  Francisco  Bay  region  is  sometimes 
hidden  by  a  snowy  sea  of  fog.  The 
mountain  is  easily  reached  from  San 
Francisco,  though  at  present  the  ascent 
must  be  made  on  foot  or  by  driving.  The 
road,  which  goes  practically  to  the  sum- 
mit, will  probably  be  fitted  for  automo- 
bile travel. 


,     VIEW  ALONG  THE  SHORE  OF  SAN   PABLO   BAY  NEAR  OLEUM,  CAL. 
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possible  under  present  conditions,  though  the  camps  of  several 
duck-shooting  clubs  are  situated  among  the  sloughs.  The  railroad 
has  encountered  much  difficulty  in  maintaining  its  grade  across  this 
soft  ground.  Certain  spots  have  been  continually  sinking  ever  since 
the  first  construction  of  the  road,  and  it  is  seldom,  even  now,  that 
in  going  over  this  part  of  the  route  the  traveler  does  not  see  work 
trains  and  grading  crews  busily  engaged  in  filling  and  raising  some 
sunken  portion  of  the  track.  (See  PL  XXIV,  A.)  Mud  ridges  have 
risen  along  the  tracks  on  both  sides,  and  their  broken  and  lumpy  sur- 
faces indicate  a  slow  flowing  mass  of  mud  squeezed  out  by  the  weight 
and  vibration  of  passing  trains.  It  is  said  that  as  much  as  30,000  car- 
loads of  coarse  gravel  ballast  have  been  dumped  into  one  of  these  spots. 
Beyond  the  marshes  the  railroad  meets  the  rocky  headlands  that 
here  close  in  upon  Carquinez  Strait.  Some  fine  exposures  of  Cre- 
taceous and  Tertiary  sandstones  and  shales  may  be  seen  in  the  cliffs 
and  road  cuts  around  Army  Point. 

Near  Benicia,  on  the  left,  is  a  United  States  arsenal  and  signal 
station.  Benicia  (named  by  Gen.  Vallejo  after  his  wife)  is  a  manu- 
facturing town  with  deep-water  frontage.  It  con- 
tains, besides  the  arsenal,  tanneries  and  other  com- 
mercial establishments.  Southeast  of  Benicia,  across 
the  strait,  is  the  town  of  Martinez,  near  which  John 
Muir,  California's  great  naturalist,  lived  for  many 
years.  The  tall  smokestack  east  of  the  town  belongs  to  the  smelter  of 
the  Mountain  Copper  Co.,  which  mines  its  ore  near  Kennett,  in  Shasta 
County.  At  this  smelter  sulphur  fumes  are  utilized  in  making  sulphuric 
acid,  which  in  turn  is  used  in  treating  rock  phosphate  brought  from 
the  company's  mine  near  Montpelier,  Idaho,  and  here  turned  into  f  er- 
tilizer.  Just  beyond  Benicia  the  train  is  run  onto  a  ferryboat  and  is 
carried  across  Carquinez  Strait  to  Port  Costa,  a  distance  of  a  mile. 

The  geologic  section  from  Benicia  and  Port  Costa  to  the  vicinity 
of  Berkeley  and  Oakland  is  particularly  interesting,  as  in  it  are 
represented  many  of  the  characteristic  sedimentary  formations  of 
the  Coast  Range.  The  stratigraphic  section  is  quite  different  from 
that  of  corresponding  age  in  the  Sierra  foothills. 

Port  Costa  (see  sheet  13,  p.  90),  the  western  ferry  terminus,  is  a 

shipping  point,  particularly  for  grain,  which  comes 
Port  Costa.  from  the  interior  valley1  and  is  here  loaded  into  ocean- 

Eievation  ii  feet.        going  vessels.     A  long  line  of  galvanized-iron  grain 

warehouses  may  be  seen  on  the  water  front. 


Benicia. 

Elevation  6  feet. 
Population  2,360. 
Seattle  921  miles. 


Seattle  928  miles. 


1  Agriculture  in  California  had  ita  be- 
ginning in  wheat  raising,  and  wheat  was 
long  the  State's  greatest  crop.  Its  pro- 
duction steadily  increased,  until  about 
1884,  to  over  64,000,000  bushels  annually. 
The  levelness  of  the  great  grain  fields 
of  the  valley  led  to  the  utilization  of 


combined  harvesters,  steam  gang  plows, 
and  other  farm  machinery  of  extraordi- 
nary size  and  efficiency.  Recently,  how- 
ever, fruit  growing  has  become  a  more 
important  industry  than  grain  farming. 
In  the  value  of  its  fruit  crop  California 
leads  all  the  other  States. 
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On  leaving  Port  Costa  the  train  skirts  the  south  shore  of  Carquinez 
Strait,  where  the  steep  bluffs  offer  many  good  exposures  of  folded 
sedimentary  rocks.  The  first  rocks  seen  are  Upper  Cretaceous 
(Chico)  sandstone  and  shale.  The  rocks  have  a  moderately  steep 
westward  dip  and  trend  almost  directly  across  the  course  of  the 
railroad,  so  that  as  the  train  proceeds  successively  younger  forma- 
tions are  crossed.  At  Eckley,  a  short  distance  beyond  Port  Costa, 
brick  is  manufactured  from  the  Cretaceous  shale.  At  Crocket  is  a 
large  sugar  refinery.  Mare  Island,  across  Carquinez  Strait,  is  the 
site  of  the  United  States  navy  yard,  which,  however,  is  not  readily 
discerned  from  this  point.  The  Cretaceous  shales  and  sandstones 
continue  to  Vallejo  Junction  and  a  little  beyond. 

On  the  southeast  side  of  San  Pablo  Bay,  near  the  west  end  of 
Carquinez  Strait,  there  are  wave-cut  terraces  and  elevated  deposits 
of  marine  shells  of  species  that  are  still  living.  These  terraces  and 
deposits  do  not  show  south  of  San  Pablo  Bay,  and  therefore  seem  to 
indicate  the  recent  elevation  of  a  block  including  only  a  portion  of 
the  shore  around  the  bay.  This  block  probably  includes  the  Berkeley 
Hills  and  a  considerable  territory  to  the  east,  perhaps  even  extending 
to  Suisun  Bay. 

From  Vallejo  Junction  a  ferry  plies  to  Vallejo  (val-yay'ho),  which 
is  on  the  mainland  opposite  the  navy  yard  and  from  which  railroad 

lines  extend  into  the  rich  Napa  and  Sonoma  valleys. 
Vallejo  Junction.    Santa  Rog^  ^  home  of  ^  f amous  i^fa^  Burbank, 

is  in  the  Sonoma  Valley.  Vallejo  was  named  from 
Gen.  Mariano  Guadalupe  Vallejo,  who  played  a 
prominent  part  in  the  early  history  of  California.  It  was  the  capital 
of  the  State  from  1851  to  1853.  Beyond  Vallejo  Junction  Carquinez 
Strait  begins  to  open  out  into  San  Pablo  Bay.1     (See  PL  XXTV,  Bf 

p.  78.) 

The  dark  Cretaceous  shales  near  the  railroad  station  at  Vallejo 
Junction  are  soon  succeeded  by  brown  shales  and  massive  sandstones 
belonging  higher  in  the  Cretaceous  system.  The  contact  between 
the  Chico  and  the  Martinez  (Eocene)  beds  is  in  a  fault  zone  cut  by 


Elevation  12  feet. 
Seattle  929  mites. 


1  The  section  along  the  shore  of  San 
Pablo  Bay  between  Vallejo  Junction  and 
Pinole  (see  map  and  section  on  stub  of 
sheet  13,  p.  90)  includes  six  of  the  most 
widespread  divisions  of  the  sedimentary 
series  in  the  Coast  Range  region  of  Califor- 
nia. The  formations  or  groups  represented 
are  the  Chico  (Upper  Cretaceous),  Martinez 
(Eocene),  Monterey  (earlier  Miocene), 
San  Pablo  (later  Miocene),  Pinole  tuff 
(Pliocene),  and  Pleistocene.  The  only 
large  divisions  of  the  middle  Coast  Range 
sequence  not  represented  are  the  Fran- 


ciscan (Jurassic?),  Tejon  (Eocene),  and 
Oligocene,  all  of  which  are  found  within 
a  few  miles  to  the  east  and  south. 

In  the  San  Pablo  Bay  section  all  the 
formations  below  the  Pleistocene  are  in- 
luded  in  a  syncline,  on  the  northeastc 
side  of  which  the  strata  are  nearly  verti- 
cal, but  on  the  southeast  side  the  dip  of 
the  beds  is  lower.  The  Pleistocene  bed* 
rest  horizontally  across  the  truncated 
edges  of  the  Miocene  and  Pliocene.  The 
aggregate  thickness  of  the  sediments  in 
the  San  Pablo  Bay  section  is  not  leas  than 
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the  railroad  tunnel  a  short  distance  west  of  Vallejo  Junction.  Just 
beyond  the  tunnel  the  contact  between  the  Martinez  and  the  Monterey 
(Miocene)  is  clearly  shown  in  a  high  cliff  to  the  left,  opposite  the 
Selby  Smelting  Works,  where  the  buff-colored  Monterey  sandstones 
and  shales  rest  with  marked  unconformity  upon  the  black  Eocene 
shales.  Near  the  contact  the  Eocene  shale  is  filled  with  innumerable 
fossil  shells  of  boring  Miocene  mollusks.  The  Monterey  beds  are 
extraordinarily  well  exposed  in  the  cliffs  to  the  left,  and  immediately 
beyond  the  contact,  where  they  consist  of  fine  buff  shales  with  shaly 
sandstones  and  thin  bands  of  yellow  limestone. 

After  leaving  these  cliff  exposures  the  train  passes  Tormey  station, 
crosses  a  little  swamp,  and  approaches  a  tunnel  cut  into  vertical 
cliffs  of  massive  gray  sandstone;  this  is  the  type  locality  of  the  San 
Pablo  formation  (upper  Miocene).  The  refining  plant  of  the  Union 
Oil  Co.,  at  the  east  end  of  this  tunnel,  is  located  on  the  upper  part 
of  the  San  Pablo  beds.  Vertical  beds  of  massive  tuff  immediately 
west  of  the  oil  refinery  represent  the  lower  part  of  the  Pinole  tuff. 
Beyond  these  beds  the  train  crosses  another  swamp  and  enters  a 
cut  in  which  white  volcanic  ash  beds  of  the  Pinole  tuff  dip  at  a 
relatively  low  angle  to  the  northeast.  This  change  in  dip  shows 
that  these  beds  are  on  the  southwest  side  of  the  San  Pablo  Bay 
syncline,  the  axis  of  which  passes  through  the  swamp  area.  Resting 
upon  the  tilted  ash  deposits  in  this  part  of  the  section  are  horizontal 
beds  of  Pleistocene  shale. 

The  name  Rodeo  (ro-day'o),  meaning  uround-up,"  indicates  that 
the  station  so  called  was  formerly  a  cattle-shipping  point.     Beyond 

Rodeo  the  train  enters  a  series  of  cuts.  Near  the  sta- 
tion are  exposures  of  massive  tuffs  close  to  the  base  of 
2SJ!;^        the  Pinole  tuff.    Beyond  this  point  the  San  Pablo 

(Miocene)  appears,  with  low  dips  to  the  northeast. 
In  the  sea  cliffs  on  San  Pablo  Bay  a  few  yards  from  the  railroad 
are  excellent  exposures  of  the  Miocene  capped  by  Pleistocene  shale. 
At  Hercules,  where  there  are  large  powder  works,  the  railroad  cut 


Rodeo. 


8,000  feet.  With  the  exception  of  the 
Pliocene  and  a  portion  of  the  Pleistocene, 
all  the  formations  are  of  marine  origin. 
A  portion  of  the  Pinole  tuff  was  certainly 
deposited  in  fresh  water.  The  Pleisto- 
cene beds  were  deposited  under  varying 
marine,  estuarine,  and  fluvial  conditions. 
Fossil  remains  are  found  in  all  the  for- 
mations of  the  San  Pablo  Bay  section, 
and  at  least  six  distinct  faunas  are  repre- 
sented. Very  few  specimens  have  been 
procured  in  the  Chico  near  the  line  of  the 
railroad,  but  abundant  fossils  are  found 

96286°— Bull.  614—15 6 


in  the  same  formation  a  few  miles  to  the 
east.  The  Martinez  fauna  is  represented 
in  the  cliff  opposite  the  Selby  smelter. 
The  Monterey  and  the  San  Pablo  con- 
tain abundant  remains.  The  fresh-water 
fauna  of  the  Pinole  tuff  is  represented  by 
molluscan  species.  Leaves  and  remains 
of  vertebrates  are  also  present.  The 
Pleistocene  shale  contains  abundant 
marine  shells  of  a  few  species,  with  mam- 
mal bones  representing  the  elephant, 
horse,  camel,  bison,  ground  sloth,  ante- 
lope, lion,  wolf,  and  other  forms. 
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Pinole. 

Population  798. 
Seattle  935  miles. 


is  in  broken  shale  of  the  Monterey  group,  the  same  beds  that  were 
seen  near  the  Selby  smelter,  on  the  northeast  side  of  the  syncline. 
Beyond  Hercules  the  railroad  passes  over  Monterey  shale  to  the 
town  of  Pinole  (pee-no'lay,  a  Spanish  term  used  by  the  Indians  for 
parched  grain  or  seeds),  where  the  Pinole  tuff  is  in  contact  with  the 

Monterey  and  is  covered  by  a  thick  mantle  of  the 
Pleistocene  shale.  In  the  cuts  southwest  of  Pinole 
the  rocks  exposed  are  all  either  steeply  inclined 
Pliocene  tuffs  or  horizontal  Pleistocene  beds. 
At  Krieger,  where  the  tracks  of  the  Santa  Fe  Route  may  be  seen 
approaching  the  bay  front  from  the  south,  is  a  so-called  "tank  farm." 
The  oil-storage  tanks,  which  belong  to  the  Standard  Oil  Co.,  are 
beyond  the  Santa  Fe  line.  Beyond  Sobrante  station  is  Giant,  another 
powder  factory,  and  beyond  that  are  pottery  works  which  obtain  clay 
from  lone,  in  the  Sierra  Nevada.  The  bay  shore  near  Oakland  is 
largely  given  over  to  industrial  uses,  on  account  of  its  facilities  for 
rail  and  water  transportation. 

Beyond  Giant  the  foothills  retreat  from  the  bay  shore  and  the  rail- 
road enters  the  broad  lowland  on  which  the  cities  of  Berkeley  and 

Oakland  are  built.  Near  San  Pablo,  in  the  vicinity 
of  San  Pablo  and  Wildcat  creeks,  there  is  a  gravel- 
filled  basin.  Many  wells  sunk  in  this  gravel  may  be 
seen  near  the  tracks,  and  from  them  a  municipal 
water  company  and  both  railroads  obtain  water.  West  and  south- 
west of  San  Pablo  station  a  line  of  hills  shuts  out  a  view  of  San 
Francisco  Bay.  These  hills  constitute  the  Potrero  San  Pablo,  so 
called  because,  being  separated  from  the  mainland  by  marshes,  they 
were  a  convenient  place  in  which  to  pasture  horses  during  the  days  of 
Mexican  rule,  when  fences  were  practically  unknown.  The  hills  art* 
made  up  wholly  of  sandstone  belonging  to  the  Franciscan  group.1 


San  Pablo. 

Elevation  30  feet. 
Seattle  940  miles. 


1  The  rocks  of  the  Franciscan  group  com- 
prise sandstones,  conglomerates,  shale, 
and  local  masses  of  varicolored  thin- 
bedded  flinty  rocks.  The  flinty  rocks 
consist  largely  of  the  siliceous  skeletons  of 
minute  marine  animals,  low  in  the  scale 
of  life,  known  as  Radiolaria,  and  on  this 
account  they  are  known  to  geologists  as 
radiolarian  cherts.  All  the  rocks  men- 
tioned have  been  intruded  here  and  there 
by  dark  igneous  rocks  (diabase,  perido- 
tite,  etc.),  which  generally  contain  a  good 
deal  of  magnesia  and  iron  but  little  silica. 
The  peridot  itcs  and  related  igneous  rocks 
have  in  large  part  undergone  a  chemical 
and  mineralogic  change  into  the  rock 


known  as  Berpentine.  Closely  associated 
with  the  serpentine  as  a  rule  are  masse* 
of  crystalline  laminated  rock  that  consist 
largely  of  the  beautiful  blue  mineral 
glaucophane  and  for  that  reason  are  called 
glaucophane  schist.  Schist  of  this  char- 
acter is  known  in  comparatively  few  part* 
of  the  world  but  is  very  characteristic 
of  the  Franciscan  group.  It  has  been 
formed  from  other  rocks  through  the 
chemical  action  known  as  contact  meta- 
morphiflm,  set  up  by  adjacent  freshly  in- 
truded igneous  rocks.  The  Franciscan 
group  is  one  of  the  most  widespread  and 
interesting  assemblages  of  rocks  in  the 
Coast  ranges. 
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Richmond. 


On  the  other  side  of  them  are  wharves,  warehouses,  and  large  rail- 
way shops  belonging  to  the  Santa  Fe  system.  From  that  side,  also, 
the  Santa  Fe  ferry  plies  to  San  Francisco. 

Richmond,  on  both  the  Southern  Pacific  and  the  Santa  Fe  lines, 
is  becoming  a  busy  shipping,  railroad,  and  manufacturing  point,  on 

account  of  the  congestion  of  the  water  front  of  Oak- 
land and  San  Francisco.     The  hills  on  the  east  side 

aSStm^        of  the  track>  known  to  old  Californians  as  the  Contra 

Costa  Hills  but  now  often  referred  to  as  the  Berkeley 
Hills,  rise  steeply  from  the  plain.  The  mo3t  conspicuous  summit 
from  the  west  is  Grizzly  Peak  (1,759  feet),  but  Bald  Peak,  just  east 
of  it,  is  171  feet  higher.  The  hills  are  generally  treeless  on  their 
exposed  western  slopes,  although  their  ravines  and  the  eastern  slopes 
are  wooded.1 

Beyond  San  Pablo  and  Richmond  the  rocks  of  the  Franciscan  group 
outcrop  in  low  hills.  At  Stege  the  railroad  is  still  close  to  the  shore 
of  the  bay.  Between  this  place  and  the  hills  is  one  of  the  suburbs  of 
Berkeley  known  as  Thousand  Oaks.  The  traveler  can  get  here  an 
unobstructed  view  out  over  the  bay  and  through  the  Golden  Gate. 
Mount  Tamalpais  is  on  the  right  and  San  Francisco  on  the  left.  Just 
to  the  left  of  the  Golden  Gate  the  white  buildings  of  the  Exposition 
grounds  can  readily  be  distinguished  if  the  day  is  at  all  clear.  At 
Nobel  station  a  little  wooded  hill  of  Franciscan  rocks  stands  close  to 
the  railroad  on  the  left.  Beyond  Nobel  an  excellent  view  may  be  had 
of  the  hilly  portion  of  the  city  of  Berkeley. 

West  Berkeley  station,  also  known  as  University  Avenue,  is  in  the 
older  part  of  the  city  of  Berkeley,  and  the  center  of  the  city  is  now 

almost  2\  miles  back  toward  the  hills.  Berkeley  was 
named  after  Bishop  Berkeley,  the  English  prelate  of 
the  eighteenth  century  who  wrote  the  stanza  begin- 
ning "  Westward  the  course  of  empire  takes  its  way," 
by  those  who  chose  it  as  a  site  for  the  University  of 
California.  One  of  them,  looking  out  over  the  bay  and  the  Golden 
Gate,  quoted  the  familiar  line,  and  another  suggested  "Why  not 
name  it  Berkeley?"  and  Berkeley  it  became. 


Berkeley. 

Elevation  8  feet. 
Population  40,434. 
Seattle  ©48  miles. 


1  The  geologic  structure  of  these  hills  is 
rather  complicated.  Along  their  south- 
west base,  between  Berkeley  and  Oak- 
land, is  a  belt  of  the  sandstones,  cherts, 
and  schists  belonging  to  the  Franciscan 
(Jurassic?)  group  and  characteristically 
associated  with  masses  of  serpentine. 
Overlying  the  Franciscan  rocks  are 
sandstones,    shales,    and   conglomerates 


of  Cretaceous,  Eocene,  and  Miocene  age. 
These  in  turn  are  overlain  by  tuffs,  fresh- 
water beds,  and  lavas  of  Pliocene  and 
early  Quaternary  age.  The  general 
structure  of  the  ridge  east  of  Berkeley  is 
synclinal,  the  beds  on  both  sides  dipping 
into  the  hills.  The  upper  part  of  Grizzly 
Peak  is  formed  chiefly  of  lava  flows  of 
Pliocene  age. 
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The  University  of  California  was  founded  in  1868.  It  is  one  of  the 
largest  State  universities  in  America,  including  besides  the  regular 
collegiate  and  postgraduate  departments  at  Berkeley  the  Lick 
Observatory,  on  Mount  Hamilton;  colleges  of  law,  art,  dentistry, 
pharmacy,  etc.,  in  San  Francisco;  the  Scripps  Institution  for  Biologi- 
cal Research,  at  La  Jolla,  near  San  Diego;  and  other  laboratories  for 
special  studies  elsewhere.  It  is  a  coeducational  institution  and  had  a 
total  enrollment  for  1914-15,  not  including  that  of  the  summer 
school,  of  6,202.  The  members  of  the  faculty  and  other  officers  of 
administration  and  instruction  number  890.  The  university  build- 
ings at  Berkeley  are  beautifully  situated  and  have  a  broad  outlook 
over  San  Francisco  Bay.  Their  position  can  readily  be  identified 
from  the  train  by  the  tall  clock  tower.  Another  prominent  group 
of  buildings  occupying  a  similar  site  just  south  of  the  university 
grounds  is  that  of  the  California  School  for  the  Deaf  and  the  Blind. 

Just  before  reaching  Oakland  (Sixteenth  Street  station)  the  tram 
passes  Shell  Mound  Park.  The  mound,  which  is  about  250  feet  long 
and  27  feet  high,  is  on  the  shore  of  the  bay  close  to  the  right  side 
of  the  track.  It  is  composed  of  loose  soil  mixed  with  an  immense 
number  of  shells  of  clams,  oysters,  abalones,  and  other  shellfish 
gathered  for  food  by  the  prehistoric  inhabitants  of  the  region  and 
eaten  on  this  spot.  The  discarded  shells,  gradually  accumulating, 
built  up  the  mound.  Such  relics  of  a  prehistoric  people  are  numerous 
about  the  bay,  for  over  400  shell  mounds  have  been  discovered  within 
30  miles  of  San  Francisco.  The  mound  just  described  is  one  of  the 
largest,  and  from  excavations  in  it  a  great  number  of  crude  stone, 
shell,  and  bone  implements  and  ornaments  have  been  obtained.  The 
mounds  evidently  mark  the  sites  of  camps  or  villages  that  were 
inhabited  during  long  periods,  for  the  accumulation  of  such  refuse 
could  not  have  been  very  rapid.  Archeologists  who  have  studied  the 
mound  say  that  it  must  have  been  the  site  of  an  Indian  village  over 
a  thousand  years  ago,  and  that  it  was  probably  inhabited  almost 
continuously  to  about  the  time  when  the  Spaniards  first  entered 
California. 

The  first  stop  in  the  city  of  Oakland  is  made  at  the  Sixteenth  Strec4 
station,  about  1J  miles  from  the  business  center  of  the  city.     Oakland 

is  the  seat  of  Alameda  County  and  lies  on  the  eastern 
Oakland.  shore  of  San  Francisco  Bay  directly  opposite  San 

Elevation  12  feet.        Francisco.     Its  name  is  derived  from  the  live  oab 
8»t^96inmUe8.74       which  originally  covered  the  site.     It  is  an  important 

manufacturing  center  and  has  a  fine  harbor  with  13 
miles  of  water  front.  Visitors  to  Oakland  should  if  possible  take  tht 
electric  cars  to  Piedmont,  from  which  a  fine  view  may  be  had  of  San 
Francisco,  the  bay,  and  the  Golden  Gate.     This  view  is  especially  good 
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at  sunset.  A  walk  or  drive  to  Redwood  Peak  takes  the  visitor  past 
the  former  home  of  Joaquin  Miller,  author  of  "Songs  of  the  Sierras" 
and  many  other  familiar  poems,  and  affords  equally  fine  views. 

Leaving  the  station  at  Sixteenth  Street,  the  train  skirts  the  west 
side  of  the  city  and  runs  out  on  a  pier  or  mole  1$  miles  long,  from 
which  the  rest  of  the  journey  must  be  made  on  the  San  Francisco 
ferries.  The  distance  across  the  bay  is  4  miles,  and  the  trip  is  made 
in  about  20  minutes.  In  crossing  the  bay  the  traveler  sees  Goat 
(or  Yerba  Buena),  Alcatraz,  and  Angel  islands  to  the  right,  Marin 
Peninsula  beyond  them,  and  the  Golden  Gate  opening  to  the  west  of 
Alcatraz. 

Goat  Island  lies  close  to  the  ferry  course  across  the  bay.  Like  most 
of  the  other  islands  in  the  bay,  it  is  owned  by  the  Government.  On 
the  nearest  point  there  is  a  lighthouse  station,  and  below  it  the 
rocky  cliff  is  painted  white  to  the  water's  edge.  Just  to  the  right  of 
this  is  the  supply  station  for  the  lighthouses  of  the  whole  coast  from 
Seattle  to  San  Diego.  Behind  this  station  is  the  United  States  naval 
training  station,  of  which  the  officers,  quarters  may  be  seen  on  the 
hillside  and  the  men's  quarters  near  the  larger  buildings  below.  At 
the  extreme  northeast  point  of  the  island  is  a  torpedo  station,  where 
torpedoes  are  stored  for  use  in  the  coast  defense. 

On  Alcatraz,  the  small  island  west  of  Goat  Island,  is  a  United 
States  military  prison,  and  on  Angel  Island,  north  of  Alcatraz,  are 
barracks  and  other  military  buildings,  a  quarantine  station,  and  an 
immigrant  station. 

Few  people  in  viewing  the  Bay  of  San  Francisco  think  of  it  in  any 
other  way  than  as  a  superb  harbor  or  as  a  beautiful  picture.  Yet  it 
has  an  interesting  geologic  story.  The  great  depression  in  which  it 
lies  was  once  a  valley  formed  by  the  subsidence  of  a  block  of  the 
earth's  crust — in  other  words,  the  valley  originated  by  faulting.  The 
uplifted  blocks  on  each  side  of  it  have  been  so  carved  and  worn  by 
erosion  that  their  blocklike  form  has  long  been  lost.  Erosion  also  has 
modified  the  original  valley  by  supplying  the  streams  with  gravel  and 
sand  to  be  carried  into  it  and  there  in  part  deposited.  The  moun- 
tains have  been  worn  down  and  the  valley  has  been  partly  filled. 
Possibly  the  valley  at  one  time  drained  out  to  the  south.  However 
that  may  be,  at  a  later  stage  in  its  history  it  drained  to  the  west 
through  a  gorge  now  occupied  by  the  Golden  Gate.  Subsidence  of  this 
part  of  the  coast  allowed  the  ocean  water  to  flow  through  this  gorge, 
transforming  the  river  channel  into  a  marine  strait  and  the  valley  into 
a  great  bay.  Goat  Island  and  other  islands  in  San  Francisco  Bay 
suggest  partly  submerged  hills,  and  such  in  fact  they  are. 


i 
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San  Francisco,  the  chief  seaport  and  the  metropolis  of  the  Pacif  e 
coast,  is  the  tenth  city  in  population  in  the  United  States  and  the 

largest  and  most  important  city  west  of  Missouri 
San  Francisco.  River.  The  population  in  1910  showed  a  gain  of  20 
Population  4i6,9i2.      per  cent  since  1900.     The  city  is  beautifully  situated 

Seattle  957  miles.  .  -  •»#  •         1  •  1      i 

at  the  north  end  of  a  peninsula,  with  the  ocean  on  one 
side  and  the  Bay  of  San  Francisco  on  the  other.  The  bay  is  some 
50  miles  in  length  and  has  an  area  of  more  than  300  square  miles. 
The  entrance  to  the  bay  lies  through  the  Golden  Gate,  a  strait  about 
5  miles  long  and  a  mile  wide  at  its  narrowest  point. 

The  site  of  the  city  is  very  hilly,  and  a  line  of  high  rocky  elevations 
runs  like  a  crescent-formed  background  from  northeast  to  southwest 
across  the  peninsula,  culminating  in  the  Twin  Peaks,  925  feet  high. 
Telegraph  Hill,  in  the  northeastern  part  of  the  city,  is  294  feet  above 
sea  level.  Here  stood  the  semaphore  which  signaled  the  arrival  of 
ships  in  the  days  of  the  gold  seekers.  The  city  has  been  laid  out 
without  the  slightest  regard  to  topography,  consequently  many  of  the 
streets  are  so  steep  as  to  be  traversable  only  by  cable  cars  and  pedes- 
trians. The  waters  of  the  bay  formerly  extended  westward  to  Mont- 
gomery Street,  and  most  of  the  level  land  in  the  business  section  of 
San  Francisco  has  been  made  by  filling. 

Golden  Gate  Park,  containing  1,014  acres  and  extending  westward 
from  the  city  to  the  ocean,  was  a  waste  of  barren  sand  dunes  in  1870, 
but  skillful  planting  and  cultivation  have  transformed  it  into  one  of 
the  most  beautiful  semitropical  public  parks  in  the  country.  At  its 
west  end  is  the  famous  Cliff  House,  overhanging  the  sea,  and  a  short 
distance  out  from  the  shore  are  the  Seal  Rocks,  where  the  great  sea 
lions  may  often  be  seen.  The  Sutro  Baths  near  by,  named  after 
Adolph  Sutro,  constructor  of  the  famous  Sutro  tunnel  on  the  Corn- 
stock  lode,  contain  one  of  the  largest  inclosed  pools  in  the  world. 

San  Francisco  Bay  is  the  largest  and  most  active  harbor  of  the 
Pacific  coast.     Besides  the  coastwise  routes,   the  port  maintains 

steamship  connections  with  Australia,  Hawaii,  Mexico, 
Central  and  South  America,  the  Philippine  Islands, 
China,  and  Japan.  The  direct  foreign  trade  is  chiefly  with  Brit- 
ish Columbia,  South  America,  China,  and  Japan.  Although  the 
export  grain  business  has  now  largely  shifted  to  the  ports  of  Ore- 
gon and  Washington,  San  Francisco's  permanence  as  one  of  the 
greatest  ports  of  the  country  is  assured  by  its  advantageous  position, 
its  wealth  of  back  country,  and  its  command  of  trans-Pacific  and 
transcontinental  trade  routes.  Three  large  railroad  systems — the 
Southern  Pacific  (with  two  transcontinental  lines),  the  Atchison, 
Topeka  &  Santa  Fe,  and  the  Western  Pacific — connect  it  with  the 
East.  Lines  of  the  Southern  Pacific  Co.  connect  the  city  with  differ- 
ent parts  of  the  State  and  with  the  northern  transcontinental  lines. 
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The  Northwestern  Pacific  serves  Mendocino,  Sonoma,  and  Marin 
counties,  on  the  north,  and  several  smaller  lines  radiate  from  differ- 
ent ports  on  the  bay.  Only  one  railroad  line,  the  Coast  Line  of  the 
Southern  Pacific,  actually  enters  the  city.  The  other  roads  have 
their  terminals  in  Oakland  and  other  cities  around  the  bay. 

The  first  settlement  on  the  present  site  of  San  Francisco  dates 
from  1776.     It  consisted  of  a  Spanish  military  post  (presidio)  and 

the  Franciscan  mission  of  San  Francisco  do  Asfs.     In 

VtlutllM'll 

1836  the  settlement  of  Yerba  Buena  (yair'ba  bway'na) 
was  established  in  a  little  cove  southeast  of  Telegraph  Hill.  The 
name  San  Francisco  was,  however,  applied  to  all  three  of  these 
settlements.  The  United  States  flag  was  raised  over  the  town 
in  1846,  and  the  population  rapidly  increased,  reaching  perhaps 
900  in  May,  1848.  The  news  of  the  gold  discoveries  was  followed 
by  the  crowds  of  fortune  seekers,  so  that  by  'the  end  of  1848  the 
city  had  an  estimated  population  of  20,000.  From  that  time  on 
San  Francisco  has  grown  rapidly.  The  first  regular  overland  mail 
communication  with  the  East  was  established  by  pony  express  in 
1860,  the  charge  for  postage  being  $5  for  half  an  ounce.  In  1869 
the  completion  of  the  Central  Pacific  Railway  to  Oakland  marked 
the  beginning  of  transcontinental  railway  communication. 

The  city  suffered  from  severe  earthquakes  in  1839,  1865,  1868, 
and  1906.  In  respect  to  property  loss  the  disaster  of  April  18,  1906, 
was  one  of  the  great  catastrophes  of  history.  The  actual  damage 
to  the  city  by  the  earthquake  was  comparatively  slight,  but  the 
water  mains  were  broken  and  it  was  consequently  impossible  to 
check  the  fires  which  immediately  broke  out  and  which  soon  de- 
stroyed a  large  part  of  the  city,  including  most  of  the  business  sec- 
tion. Some  500  persons  lost  their  lives,  and  the  estimated  damage 
to  property  was  between  $350,000,000  and  $500,000,000.  Recon- 
struction began  at  once,  and  the  city  was  practically  rebuilt  in  the 
three  yeare  following  the  earthquake. 

The  Ocean  Shore  Railroad  (station  at  Twelfth  and  Mission 
streets)  and  connecting  automobile  line  afford  a  good  opportunity 

to  see  the  geology  along  the  shore  from  San  Francisco  to 
Excursion*  from  Santa  Cruz.    The  return  trip  may  be  made  by  railroad 

or  stage  across  the  Santa  Cruz  Mountains.  For  a  distance 
of  4 \  miles  north  of  Mussel  Rock  (11.9  miles  from  San  Francisco) 
there  is  exposed  in  the  bluffs  along  the  coast  a  remarkable  section 
of  the  Merced  (Pliocene)  formation,  consisting  of  about  5,800  feet  of 
highly  inclined  marine  clays,  shales,  sandstones,  conglomerates,  and 
shell  beds.  In  these  beds  have  been  found  fossil  remains  of  53 
species  of  marine  animals,  mostly  mollusks,  of  which  three-fourths 
are  still  represented  by  forms  living  in  the  ocean  to-day.  The  San 
Andreas  rift  (the  fracture  along  which  displacement  occurred  in  the 
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San  Francisco  earthquake  of  1906)  passes  out  to  sea  at  the  mouth  of 
a  little  ravine  half  a  mile  north  of  Mussel  Rock  and  is  crossed  by  the 
railroad.  The  exposures  of  the  Merced  formation  along  the  sea  cliffs 
were  much  finer  before  the  San  Francisco  earthquake,  which  shook 
down  some  of  the  cliffs.  From  Tobin  (18.1  miles)  to  Green  Canyon 
(21.1  miles)  the  bed  of  the  Ocean  Shore  Railroad  is  cut  in  bold 
sea  cliffs  high  above  the  water  and  affords  not  only  fine  shore  scenery 
but  also  an  excellent  section  of  rocks  that  probably  belong  to  the 
Martinez  (Eocene)  formation.  The  contact  of  these  rocks  with  a 
large  mass  of  pre-Franciscan  granite  (quartz  diorite),  which  forms 
Montara  Mountain,  a  bold  ridge  that  extends  southeastward  from 
this  part  of  the  coast,  is  crossed  by  the  railroad  between  Tobin  and 
Green  Canyon.  At  the  north  end  of  Seal  Cove,  opposite  Moss  Beach 
station  (24.1  miles),  the  bowldery  and  fossiliferous  sea-beach  beds 
here  forming  the  base  of  the  Merced  (Pliocene)  and  resting  on  the 
granite  of  Montara  Mountain  are  well  exposed. 

This  delightful  excursion  may  be  extended  down  the  coast  to 
Pescadero,  and  the  return  made  by  stage  across  the  range  and  rift 
zone  to  San  Mateo ;  or  the  traveler  may  continue  down  the  coast 
to  Santa  Cruz  and  return  across  the  range  on  the  Southern  Pacific 
line  either  by  way  of  the  Big  Trees  and  Los  Gatos  or  by  Pajaro  and 
Gilroy. 

The  characteristic  thin-bedded  radiolarian  chert  of  the  Franciscan 
group  is  well  exposed  about  Strawberry  Hill,  in  Golden  Gate  Park. 
There  are  good  exposures  of  the  chert  also  on  Hunter  Point,  reached 
most  readily  by  the  Kentucky  Street  cars  from  Third  and  Market 
streets.  The  principal  rock  of  the  point  is  serpentine.  A  mass  of 
basalt  in  the  sea  cliffs  on  the  south  side  presents  a  remarkable 
spheroidal  and  variolitic  structure. 

The  summit  of  Mount  Tamalpais  is  very  easily  and  comfortably 
reached  by  ferry  to  Sausalito,  electric  train  to  Mill  Valley,  and  a 
mountain  railway  to  the  hotel  on  the  top.  The  ferry  trip  is  one 
of  the  best  to  be  had  on  the  bay.  The  steamer  passes  close  to  the 
small  island  of  Alcatraz,  used  as  a  military  prison.  To  the  west  may 
be  seen  the  ocean  through  the  Golden  Gate.  Angel  Island,  with  its 
interesting  glaucophane  schists,  serpentine,  and  other  rocks,  lies  to 
the  right  as  the  boat  approaches  Sausalito.  The  sedimentary  rocks 
of  both  islands  belong  to  the  Franciscan  group  and  are  chiefly 
sandstone.  The  trip  from  Sausalito  to  Mill  Valley  by  the  North- 
western Pacific  Railroad  gives  the  traveler  opportunity  to  see  some 
characteristic  bay-shore  scenery  and  particularly  to  note  how  the 
waters  of  the  bay  appear  to  have  flooded  what  was  once  a  land  valley. 
Mill  Valley  is  named  from  an  old  Spanish  sawmill,  the  frame  of  which 
is  still  standing.  The  views  obtainable  from  the  scenic  railway  and 
from  the  summit  of  Mount  Tamalpais  are  extensive  and  varied.     To 
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the  south  may  be  seen  San  Francisco  and  Mount  Hamilton  (4,444 
feet).  To  the  southeast  is  Mount  Diablo  (3,849  feet),  through  which 
runs  the  meridian  and  base  line  from  which  the  public-land  surveys 
of  a  large  part  of  California  are  reckoned.  Nearer  at  hand  is  the 
bay,  with  its  dark-green  bordering  marshes,  through  which  wind 
serpentine  tidal  creeks.  Close  under  the  mountain  to  the  north  is 
Lake  Lagunitas  (an  artificial  reservoir),  and  beyond  it  ridge  after 
ridge  of  the  Coast  Range.     To  the  west  is  the  vast  Pacific. 

From  the  summit  of  Tamalpais  one  sees  clearly  that  San  Fran- 
cisco Bay  is  a  sunken  area  in  which  hilltops  have  become  islands 
and  peninsulas.  This  area  is  the  northern  extension  of  the  crustal 
block  whose  sinking  formed  Santa  Clara  Valley.  A  later  sag 
admitted  the  ocean  into  the  valley,  and  the  Golden  Gate,  formerly 
a  river  gorge,  became  a  strait. 

Mount  Tamalpais  has  really  three  peaks:  East  Peak  (2,586  feet), 
near  which  the  Tavern  of  Tamalpais  is  situated ;  Middle  Peak  (about 
2,575  feet);  and  West  Peak  (2,604  feet).  From  the  grassy  hills 
1  i  miles  west  of  West  Peak  there  is  a  good  view  of  Bolinas  Lagoon, 
through  which  passes  the  earthquake  rift,  but  for  close  views  of  the 
rift  topography  the  visitor  should  walk  or  drive  through  the  valley 
between  Bolinas  Lagoon  and  Tomales  Bay,  where  the  effects  of  the 
movement  of  1906  are  still  in  many  places  clearly  evident. 

Mount  Tamalpais  is  composed  wholly  of  the  sediments  of  the 
Franciscan  group  and  the  igneous  rocks  usually  associated  with  them, 
though  it  is  chiefly  sandstone.  A  mass  of  radiolarian  chert  occurs 
near  the  tavern,  and  serpentine  may  be  seen  at  several  places  beyond 
West  Peak.  To  one  fond  of  walking  and  of  marine  views,  a  trip  on 
foot  to  West  Peak,  thence  down  the  main  ridge  to  Muir  Woods 
(redwoods),  and  back  across  the  hills  to  Mill  Valley  may  be  heartily 
recommended.  The  distance  is  probably  8  or  9  miles.  The  Muir 
Woods,  which  bear  the  name  of  California's  greatest  nature  lover, 
form  a  national  monument,  presented  to  the  nation  by  William 
Kent,  now  Member  of  Congress  from  the  first  California  district,  for 
the  purpose  of  preserving  untouched  by  the  lumberman  one  area  of 
redwoods.  No  fitter  memorial  could  be  dedicated  to  the  memory 
of  John  Muir,  whose  writings  have  contributed  so  much  to  the 
movement  for  preserving  in  national  ownership,  for  public  enjoy- 
ment, some  of  our  finest  scenic  resources. 

The  geologic  event  of  greatest  human  interest  on  the  Pacific  coast 
in  modern  times  was  the  San  Francisco  earthquake  of  1906.     It  was 

produced  by  a  sudden  movement  of  the  rocks  (f  ault- 

*  ^ft.^11*  e     ^^  along  opposite  sides  of  a  fracture  which  may  be 

traced  for  many  miles  in  the  Coast  Range.  The  fis- 
sure existed  before  the  earthquake  of  1906,  and  it  is  evident  from  the 
relations  of  hills  and  valleys  along  it  that  it  has  been  the  scene  erf 
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earlier  and,  for  the  most  part,  prehistoric  movements.  The  last 
movement  was  mainly  horizontal  and  in  places  amounted  to  about 
20  feet.  The  San  Andrea3  rift,  as  this  fissure  has  been  called,  lies 
just  west  of  San  Francisco,  and  its  course  is  marked  on  sheet  13 
(p.  90). 

The  cracks  in  the  soil  that  mark  the  line  of  the  last  displacement 
(PL  XXXIII,  B,  p.  127)  and  the  parallel  ridges  and  valleys  that  show 
older  displacements  along  the  fault  zone  are  well  displayed  in  Sprij 
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Figuhjc  12.— Earthquake  effects  at  Skinner's  ranch,  near  Olema,  take  a  Southern  PaCli 

Cal     The  relative  position  of  the  ranch  house  and  trees  on  op-  ^^  ^   Q^  Mate0 
posit©  sides  of  the  fault  plane  shows  that  the  horizontal  move- 

ment  was  about  15  feet,    a,  Before  earthquake;  b,  after  earth-  miles) ,   where  a  COnTOl 

quake  ance   may  be  obt* 

for  a  drive  through  Spring  Valley  along  Crystal  Spring  and 
Andreas  lakes. 

Skinners  ranch  can  be  reached  by  the  ferry  to  Sausalito  and 
Northwestern  Pacific  Railroad  to  Point  Reyes  station,  from  whicl 
the  ranch  is  only  2  miles  distant,  near  Olema.    In  this  region  may 
seen  best  the  earth  cracks  along  the  fault  line.     Near  the  ranch  ho 
there  is  striking  evidence  of  the  horizontal  character  of  the  movem 
that  produced  the  earthquake.     The  house  formerly  had  two  trees 
front  of  it.     The  fault  line,  which  trends  northwest,  passes  betw 
the  trees  and  the  house,  and  the  trees  were  moved  15  feet  to 
southeast  with  reference  to  the  house.     (See  fig.  12.)     There  was 
perceptible  vertical  movement  nor  any  change  in  the  water  line  al 
Tomales  Bay. 
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COAST  LINE.  » 
LOS   ANGELES   TO   SAN   FRANCISCO. 

Los  Angeles  (Spanish  pronunciation,  locc  ahn'hay-lace)  is  the 
metropolis  of  the  Southwest  and  is  preeminently  a  city  of  homes.     It 

lies  on  Los  Angeles  River  (see  sheet  1  A,  p.  102)  only  15 
Los  Angeles.  miles  from  the  sea  and  is  built  on  a  series  of  broad 

Elevation  293 feet.       steplike  terraces  which,  although  now  from  250  to  500 

Population  319,198.         -      f     ,  11  t    i_i      •  x  ji_ 

feet  above  sea  level,  were  probably  m  part  carved  by 
the  waves  of  the  ocean.  The  situation  of  these  terraces  and  their 
equable  climate  (mean  temperature,  January  54°,  August  72°)  have 
made  Los  Angeles  and  its  sister  city,  Pasadena,  two  of  the  most 
attractive  home  cities  in  the  world. 

The  Pueblo  de  Nuestra  Sefiora  la  Reina  de  los  Angeles  (city  of 
Our  Lady  the  Queen  of  the  Angels)  was  founded  by  the  Spaniards 
in  1781,  and  the  Plaza  Church  marks  the  site  of  the  old  village.  It 
became  an  American  possession  in  1846  but  attracted  little  attention 
until  the  transcontinental  railways  were  built.  In  1885,  although  a 
century  old,  Los  Angeles  was  still  a  town  of  adobe  houses  with  but 
few  more  than  11,000  people.  The  opening  of  this  delightful  region 
brought  floods  of  settlers.  In  1900  it  had  a  population  of  102,479,  and 
in  1910  this  had  more  than  trebled.  A  city  census  taken  in  June, 
1915,  indicated  a  population  of  528,000.  The  residential  portion  of 
the  city  is  noted  for  its  many  beautiful  mansions  embowered  in  semi- 
tropical  bloom  and  verdure.  The  rapidly  growing  eucalyptus,  from 
Australia,  and  the  graceful  pepper  tree,  from  Peru,  with  palms, 
native  and  foreign,  are  the  most  abundant  trees  in  the  streets  and 
parks.  Although  largely  residential,  the  city  has  over  2,300  facto- 
ries, whose  output  in  1913  was  valued  at  more  than  $157,000,000. 

The  water  supply  is  excellent  and  is  brought  by  an  aqueduct  from 
Owens  Valley,  226  miles  away.  For  the  building  of  this  aqueduct 
across  the  desert  and  through  the  mountains  $23,000,000  in  bonds 
were  issued. 

Los  Angeles  is  in  the  heart  of  the  fruit-growing  region  of  southern 
California.  The  surrounding  plains  and  valleys  are  covered  with 
vineyards  and  orchards — olives,  oranges,  and  lemons.  The  shipment 
of  citrus  fruit  from  the  region  in  the  season  of  1913-14  amounted  to 
40,000  carloads. 

In  Los  Angeles  and  vicinity  there  are  about  50  moving-picture 
studios,  representing  an  investment  of  several  million  dollars.  This 
region  is  said  to  be  the  center  of  the  world's  film-producing  industry. 

1  A  large  part  of  the  material  relating  to  the  route  between  Los  Angeles  and  Watson- 

ville  Junction  has  been  furnished  by  Mr.  Ralph  Arnold. 
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The  Museum  of  History,  Science,  and  Art  is  one  of  the  most  inter- 
esting places  in  the  city.  It  has  fine  collections  in  many  branches, 
exhibited  in  an  attractive  and  instructive  manner.  The  museum 
authorities  control  the  wonderful  bone  deposits  (PI.  XXV,  B)  in 
the  asphalt  springs  of  Rancho  La  Brea,  about  8  miles  directly  west 
of  the  city.  These  springs  have  been  for  centuries  the  most  effective 
natural  animal  trap  known,  and  the  asphalt  has  preserved  the  bones 
of  the  thousands  of  animals  caught  in  its  deceptive  and  sticky  pools. 
The  skeletons  of  elephants,  camels,  sloths,  saber-toothed  tigers,  bears, 
and  myriads  of  smaller  animals,  including  many  birds,  are  being 
gradually  dug  out  and  set  up  in  the  museum  (PL  XXV,  A).  Among 
the  bones  has  recently  been  found  the  skull  of  a  human  being  who 
lived  probably  not  less  than  10,000  years  ago,  contemporaneously  with 
many  animals  now  extinct. 

In  the  northern  part  of  the  city  is  a  belt  of  oil-producing  territory 
5$  miles  long,  covering  an  area  of  2  square  miles.  H:re  hundreds  of 
derricks  have  been  erected  in  close  proximity  to  dwellings.1 


1  The  following  notes  are  based  on  a  con- 
cise account  of  the  geology  and  technology 
of  the  California  oil  fields  by  Ralph 
Arnold  and  V.  R.  Garfias. 

The  production  of  petroleum  in  Califor- 
nia is  the  most  important  mineral  indus- 
try in  the  State,  the  annual  value  of  the 
oil  output  equaling  that  of  all  the  metals. 
Since  1903,  with  the  exception  of  1907 
and  1908,  California  has  annually  pro- 
duced more  petroleum  than  any  other 
State  in  the  Union,  and  in  1914  the  pro- 
duction was  over  100,000,000  barrels. 

The  most  productive  fields  are  in  the 
southern  part  of  the  great  San  Joaquin 
Valley,  which  lies  in  the  central  part  of 
the  State,  and  in  the  region  along  the 
coast  from  the  vicinity  of  Los  Angeles  to  a 
point  a  little  north  of  Santa  Barbara 
County  (fig.  13). 

Oil  is  found  in  commercial  quantity  in 
geologic  formations  ranging  in  age  from 
Cretaceous  to  Quaternary.  The  princi- 
pal formations  are  shown  in  the  table  on 
page  94,  the  oldest  at  the  bottom,  the 
youngest  at  the  top.  All  these  formations 
are  not  present  in  any  one  region,  and  the 
thicknesses  given  are  rough  estimates. 

In  southern  California  the  oldest  forma- 
tion containing  oil  in  commercial  quan- 
tities is  the  Topatopa  (Eocene),  from 
which  wells  in  Simi  Valley  and  at  a  few 


places  in  the  Santa  Clara  River  valley 
obtain  oil.  The  oil  so  far  produced  from 
this  formation  is  small  in  amount  but  it 
is  very  light  and  brings  a  higher  price 
than  any  other  oil  in  California. 

The  shale  of  the  upper  part  of  the  Mon- 
terey group  (Miocene)  is  the  principal 
source  of  oil  in  California  and  has  yielded 
oil  in  the  Santa  Maria,  Santa  Clara,  and 
Puente  Hills  districts.  The  gravity  of 
the  oil  ranges  from  12°  to  35°  Baume. 
This  shale  is  made  up  largely  of  the  re- 
mains of  diatoms — minute  aquatic  plants 
composed  of  a  jelly-like  substance  sur- 
rounded by  a  shell  of  silica.  Only  the 
hard  shells  are  now  visible.  They  may 
be  seen  with  a  strong  magnifying  glass  in 
the  earthy  varieties  of  this  shale,  the  more 
common  forms  appearing  as  flat  disk* 
which  look  like  minute  percussion  cape. 
The  soft  matter  is  believed  to  have  been 
changed  into  petroleum.  Besides  the 
diatoms  the  shale  contains  the  shells  of 
minute  animal  forms  called  foraminifers. 
the  soft  matter  from  which  probably  also 
formed  part  of  the  petroleum.  The  oil 
formed  from  these  animals  and  plants  ha? 
moved  into  the  sandy  beds  interetratifiH 
with  the  shale,  where  it  fills  the  Apart* 
between  the  sand  grains;  or  into  thr 
cracks  and  joint  planes  in  the  hard  and 
flinty  Bhale  itself. 
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With  the  permission  of  the  Museum  of  History,  Science,  and  Art 
the  Rancho  La  Brea  may  be  visited.     On  the  way  thither  the  traveler 

passes  over  a  portion  of  the  great  alluvial  plain  of  Los 
Excnntonm  from  Lot  Angeles,  which  is  underlain,  at  least  in  part,  by  three 

Quaternary  formations,  the  oldest  of  which  is  a  marine 
deposit  laid  down  horizontally  on  the  beveled  edges  of  a  very  thick 
series  of  tilted  Pliocene  beds.  This  marine  Quaternary  deposit  has  a 
thickness  of  100  feet  in  the  northwestern  part  of  the  city  but  thins 
to  an  edge  near  the  ancient  sea  cliff  beyond.     Los  Angeles  River  exca- 
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Fioure  13.— Map  shoving  the  oil  fields  of  California. 


94 


GUIDEBOOK   OF  THE   WESTERN  UNITED  STATES. 


vated  a  valley  about  a  mile  wide  and  100  feet  deep  in  the  marine  deposit 
and  filled  the  trench  with  river  deposits,  the  second  Quaternary  for- 
mation.    This  in  turn  is  covered  by  the  alluvium  of  the  present  plain. 

Geologic  formations  in  the  oilfields  of  the  coastal  region  of  southern  California. 
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Other  excursions  may  be  made  to  the  coast  at  Long  Beach  (south, 
21  miles),  Santa  Monica  (west,  17  miles),  Redondo  (southwest,  23 


The  Fernando  and  its  equivalent  post- 
Monterey  formations  contain  the  most 
important  oil  reservoirs  in  the  State, 
owing  in  great  measure  to  their  uncon- 
formable position  upon  the  underlying 
Monterey  group,  which  has  facilitated 
the  upward  migration  of  the  oil  originating 
in  the  Monterey.  In  general  the  Fer- 
nando sediments  consist  of  more  or  less 
incoherent  conglomerates  and  sands, 
clayey  shales,  and  soft  clays.  With  some 
exceptions  the  oil  produced  by  the  Fer- 
nando is  of  the  fuel  type,  its  gravity  rang- 
ing from  11  °  to  19°  Baum£ .  Large  depos- 
its of  asphalt  urn,  the  residuum  from  oil 
escaping  into  the  Fernando  from  the 
Monterey  group,  occur  at  a  number  of 
places. 

The  oil  in  the  California  fields,  as  in 
most  others  throughout  the  world,  occurs 
in  inclined  or  sloping  beds  of  porous  sand, 
and  these  oil  sands  are  usually  overlain 
and  underlain  by  water  sands,  which  are 
separated  from  the  oil  sands  by  imper- 
vious clay,  shale,  or  other  strata. 

The  principal  oil  fields  adjacent  to  Los 
Angeles  are  those  of  the  Los  Angeles  dis- 
trict and  the  Puente  Hills  district.  The 
Los  Angeles  district  includes  the  City 
field,  lying  in  the  city  of  Los  Angeles, 
and  the  Salt  Lake  field,  immediately 
west  of  the  city  limits,  about  4}  miles 
from  its  business  center. 

The  City  field  was  discovered  in  1892, 
when  a  155-foot  shaft  was  sunk  near  a 
small  deposit  of  brea  on  Colton  Street. 
The  first  successful  well  was  drilled  later 
in  that  year  on  Second  Street,  and  by  the 
end  of  1895  there  were  more  than  300 
wells.  This  field  forms  a  narrow  belt 
about  5}  miles  long  running  through  the 
northern  part  of  the  city;  the  total  area  is 
about  2  square  miles.  The  wells  are  from 
500  to  1,200  feet  in  depth,  and  the  gravity 
of  the  oil  ranges  from  12°  to  19°  Baume". 
The  limits  of  the  field  are  well  defined. 
The  wells  have  always  been  small  pro- 
ducers, necessitating  pumping,  and  owing 
to  the  great  number  of  wells  drilled  within 
a  small  area  the  field  has  been  drained  at 


a  rapid  rate  and  water  has  been  allowed 
to  enter  the  oil  sands  in  many  areas. 

The  first  well  in  the  Salt  Lake  field  was 
drilled  in  1901  by  the  Salt  Lake  Oil  Co., 
and  since  1902  this  field  has  been  the 
chief  producer  in  the  Los  Angeles  dis- 
trict. The  wells  are  deeper  than  in  the 
City  field,  ranging  between  1,200  and 
3,000  feet,  and  the  average  gravity  of  the 
oil  is  between  16°  and  18°  Baume*.  Con- 
siderable gas  under  strong  pressure  ac- 
companies the  oil,  which  causes  the  wells 
to  gush  during  the  early  part  of  their  life. 

The  oil  in  the  Los  Angeles  district  is 
derived  largely  from  the  upper  500  feet 
of  the  Monterey  group  and  the  basal  beds 
of  the  Fernando  formation.  During  1914 
the  district  produced  about  2,500,000 
barrels  of  oil,  and  between  1894  and  the 
end  of  1914  it  produced  over  40,000,000 
barrels.  At  present  there  are  about  700 
producing  wells  in  the  district.  The  aver- 
age daily  production  for  each  well  in  the 
City  field  is  about  2J  barrels  and  in  the 
Salt  Lake  field  about  23  barrels. 

The  oils  of  the  City  field  are  uniform  in 
quality,  although  they  vary  considerably 
in  gravity.  They  contain  considerable 
sulphur,  and  owing  to  the  entire  absence 
of  light  products  are  of  little  value  for 
refining,  being  used  almost  entirely  for 
fuel.  The  oils  produced  in  the  Salt 
Lake  field  show  a  marked  similarity  in 
general  properties,  being  characterized 
by  a  high  percentage  of  sulphur.  The 
heavy  oils  are  highly  viscous  and  yield 
considerable  asphalt. 

The  Puente  Hills  district,  from  12  to  34 
miles  southeast  of  Los  Angeles,  was  the 
second  oil  district  discovered  in  Cali- 
fornia. The  first  producing  well  in  it 
was  completed  in  1880.  Until  1893  the 
Puente  Hills  and  Santa  Clara  River 
Valley  districts  yielded  practically  all 
the  oil  produced  in  California.  The 
average  depth  of  the  wells  in  the  Puente 
Hills  district  is  somewhat  more  than 
1,300  feet  and  the  average  life  of  the  wells 
is  about  16  years.  The  gravity  of  the  oil 
varies   between    21°    and    32°    Baume\ 
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miles),  and  San  Pedro  (south,  22  miles).  San  Pedro  is  the  chief  har- 
bor of  Los  Angeles  and  is  being  greatly  improved  by  the  Federal  Gov- 
ernment. San  Pedro  Mountain,  northwest  of  the  town,  has  a  core  of 
older  igneous  rocks  encircled  by  Tertiary  beds.  The  slope  of  the  hill 
is  scored  by  a  series  of  horizontal  terraces  suggestive  of  great  steps. 
These  were  cut  by  the  ocean  waves  when  the  land  stood  at  lower 
levels.  Deadman  Island,  npar  San  Pedro,  is  one  of  the  best  localities 
on  the  Pacific  coast  to  collect  Pliocene  and  Pleistocene  fossils. 

From  San  Pedro  steamers  ply  to  Santa  Catalina,1  a  mountainous 
island  composed  chiefly  of  Franciscan  (Jurassic?)  rocks.  The  sea 
fishing  here  is  famous,  and  through  the  crystal-clear  water  the  sea 
bottom  and  the  plants  and  animals  that  inhabit  it  may  be  seen  from 
glass-bottomed  boats. 

About  9  miles  east  of  Los  Angeles  is  San  Gabriel  Mission,  f  ounded  in 
1771,  and  near  by  is  the  interesting  church  erected  in  1804  of  material 
brought  from  Spain.  Pasadena  is  easily  reached  by  train  or  electric 
car.  Trips  likely  to  prove  more  interesting  to  lovers  of  nature  or 
science  are  those  to  Mount  Lowe  and  Mount  Wilson.  These  summits 
belong  to  the  San  Gabriel  Mountains,  which  present  an  abrupt  face 
on  the  north  side  of  the  San  Gabriel  Valley.  They  are  composed  of 
granitic  and  other  crystalline  rocks  which  contain  gold  and  other 
precious  metals. 

Mount  Lowe  (5,650  feet  above  sea  level)  is  reached  by  the  Pacific 
Electric  Railroad  from  Los  Angeles  to  Echo  Canyon,  h  From  the 
canyon  a  cable  railway  runs  over  a  1,000-foot  ascent  to  the  summit  of 
Echo  Mountain  (4,015  feet),  where  connection  is  made  with  a  moun- 
tain railway  for  Alpine  Tavern  (5,000  feet).  A  trail  leads  from  the 
tavern  to  the  summit,  from  which  a  fine  view  may  be  obtained.  The 
mountain  mass  is  composed  chiefly  of  granitic  rocks,  which  by  their 
disintegration  have  furnished  much  sedimentary  material  for  the 
Tertiary  deposits  of  the  foothills  and  adjacent  lowlands. 

Mount  Wilson  (5,750  feet)  may  be  ascended  afoot  or  on  burro3 
from  Sierra  Madre  (mah'dray),  a  station  on  the  electric  tramway. 


The  lighter  grades  of  oil  are  believed 
to  come  from  the  Monterey  group;  the 
heavier  grades  are  derived  largely  from 
the  coarser  sediments  of  the  Fernando. 

On  December  31,  1912,  there  were  470 
producing  wells  in  the  Puente  Hills  dis- 
trict, and  the  output  for  the  year  was 
nearly  7,000,000  barrels.  The  total  pro- 
duction of  the  field  from  1889  to  1912, 
inclusive,  was  nearly  41,000,000  barrels. 
The  oil  produced  varies  in  composition, 
the  greater  part  being  of  light  grade  and 
utilized  by  refineries  near  Los  Angeles. 


1  The  topography  of  Santa  Catalina 
Island  presents  a  striking  contrast  to  that 
of  the  neighboring  mainland  and  to  that 
of  San  Clemen te  Island,  which  lies  farther 
out  in  the  ocean.  The  mainland  and  San 
Clemente  Island  show  old  beach  lines 
and  sea  terraces  standing  high  above  the 
present  shore  and  have  therefore  risen, 
but  Santa  Catalina  Island  shows  no  such 
markings;  on  the  contrary,  as  Prof.  A.  0. 
Lawson  has  pointed  out,  this  island  pre- 
sents unmistakable  evidence  of  having 
subsided. 
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At  the  top  is  the  solar  observatory  of  the  Carnegie  Institution.  The 
view  is  extensive  and  very  beautiful.  The  rocks,  like  those  of  Mount 
Lowe,  are  highly  crystalline.  Hotels  on  the  summit  and  northern 
slope  make  it  possible  to  remain  overnight  on  the  mountain. 

The  great  Los  Angeles  plain,  on  which  the  main  part  of  the  city 
of  Los  Angeles  is  built,  has  been  trenched  by  the  streams  that  cross 
it  in  a  succession  of  steps  or  terraces.  As  the  train  leaves  the  Arcade 
Station  the  principal  river  terrace  can  be  seen  on  the  left  by  looking 
up  some  of  the  streets,  particularly  Main  Street  just  below  the 
Plaza. 

Passing  northward  and  eastward  from  the  business  portion  of  the 
city  the  train  goes  through  the  Southern  Pacific  Railroad  yards, 
across  which,  ta  the  left,  can  be  seen  the  tops  of  the  derricks  at  the 
east  end  of  the  City  oil  field.  The  oil  wells  were  drilled  close  together 
in  the  residence  portion  of  the  city  and,  although  many  of  the  der- 
ricks have  been  removed,  enough  are  left  to  attract  attention. 

North  of  the  railroad  yards  the  main  line  runs  along  Los  Angeles 
River  for  half  a  mile.  The  river  here  cuts  across  the  beds  on  the  south 
flank  of  the  main  arch  or  anticline  of  the  City  oil  field  and  exposes  a 
fine  section  of  the  Miocene  sandstone  (Monterey)  along  its  west  bank. 
The  beds  dip  south  at  angles  ranging  from  20°  to  50°.  About  472 
mile3  from  San  Francisco  the  line  crosses  Los  Angeles  River  opposite 
Elysian  Park  (on  the  hill  to  the  left).  The  railroad  continues  up 
the  east  bank  past  fine  orchards  and  berry  farms.  The  hills  to  the 
right  (east)  ar^  composed  largely  of  the  Miocene  sandstone,  folded 
into  one  or  more  well-developed  anticlines.  Farther  north  and  east 
shales  of  Miocene  (Monterey)  age  overlie  these  sandstones  and  form 
the  rolling  hills  between  Los  Angeles  and  Pasadena. 

The  prominent  peak  to  the  left  (west)  of  the  railroad,  opposite 
Tropico,  is  Cahuenga  (ca-wain'ga)  Peak  (elevation  1,825  feet),  of 

the  Santa  Monica  Range.  It  consists  largely  of 
Tropico.  granitic  rocks,  but  north  of  the  peak  a  thick  coarse 

Elevation  «4  feet.       conglomerate  lies  against  the  granite.     South  of  the 

peak  are  flows  and  dikes  of  dark  lava  (basalt)  and 
sandstones  and  shales  of  the  Monterey  group. 

It  is  believed  that  south  of  Cahuenga  Peak  there  is  a  strong  fissure 
(fault)  along  which  the  rocks  on  the  south  side  have  sunk  or  those  on 
the  north  side  risen.  This  fault  probably  extends  westward  along 
the  base  of  the  Santa  Monica  Range,  of  which  Cahuenga  Peak  is  the 
easternmost  point.  The  central  mass  of  the  range  consists  largely 
of  gneiss  and  black  schist.  Cretaceous  and  Tertiary  rocks  flank  this 
crystalline  core  farther  west,  in  the  region  north  of  Santa  Monica. 

96286°— Bull.  614—16 7 
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Between  Tropico  and  West  Glendale  the  San  Gabriel  Range, 
rising  from  2,000  to  3,000  feet  above  the  valley,  may  be  seen  on  the 

right  (north).    This  range  consists  entirely  of  granitic 
est  G  en     e.     ftn(j  gnflj8B0|l|  rooks.    Structurally  it  is  a  great  block 

Los  Angela  Smite.      ^  hfifl   been  j^j  up    j^   ft  wdl^Jefined  fa|Jt 

which  extends  along. the  south  base  of  the  range  from  the  region  of 
West  Glendale  to  the  vicinity  of  Eagle  Rock,  just  west  of  Pasadena. 
Eagle  Rock,  at  the  east  end  of  the  Eagle  Rock  Valley,  which  can  be 
seen  from  the  railroad  in  the  vicinity  of  West  Glendale,  is  an  old 
landmark  composed  of  a  locally  hardened  mass  of  Miocene  (Mon- 
terey) conglomerate.  The  "eagle"  on  the  side  of  the  rock  is  caused 
by  shadows  cast  by  overhanging  portions  of  the  conglomerate.  The 
fault  is  very  pronounced  in  the  vicinity  of  Eagle  Ro<jk,  where  in  con- 
sequence of  it  the  conglomerate  beds  on  the  south  dip  steeply  toward 
the  granitic  mass  on  the  north,  although  of  course  they  are  cut  off 
at  the  fault  and  do  not  go  under  the  granite. 

At  Burbank  the  Coast  Line  turns  off  westward  from  the  Valley 
line  and  enters  San  Fernando  Valley,  noted  for  its  large  production 

of  hay  and  fruit.    South  of  Burbank.  in  the  little 

valley  at  the  northeast  foot  of  Cahuenga  Peak,  on 

STS?^   ^e  edge  of  San  Fernando  Valley,  is  Universal  City, 

the  only  city  in  the  world  built  solely  for  the  pro- 
duction of  moving-picture  film.  This  magic  place  can  be  changed 
in  a  few  days  to  get  any  scene  or  setting  desired — Athens,  Rome, 
London,  Paris,  New  York,  Hindu  streets,  Afghan  villages,  all  with 
true  local  color.  Ten  miles  of  film  can  be  made  here  in  a  week. 
The  city  contains  3,000  or  4,000  persons,  employees  of  the  picture 
company,  and  a  zoo  comprising  several  hundred  wild  animals. 
•  The  Monterey  beds  on  the  north  flank  of  the  Santa  Monica  Range, 
south  of  the  railroad,  are  intruded  by  basalt  dikes  and  associated 
with  flows  of  the  same  lava.  Overlying  the  Monterey,  and  deposited 
later  than  the  basalt  flows,  is  the  Fernando  formation,  consisting  of 
conglomerates,  sandstones,  and  soft  shales,  which  dip  toward  the 
valley.  The  Fernando  beds  also  flank  the  eastern  extremity  of  the 
San  Fernando  Hills  north  of  the  San  Fernando  Valley.  This  forma- 
tion is  full  of  fossil  shells  and  other  marine  organisms,  which  indicate 
upper  Miocene,  Pliocene,  and  Pleistocene  age. 

About  3  miles  west  of  Burbank  the  railroad  crosses  Tujunga  (too? 
hoon'ga)  Wash,  which  marks  the  underground  channel  of  a  tributary 
to  Los  Angeles  River.  This  phenomenon  of  underflow  is  character- 
istic of  the  arid  and  semiarid  regions  of  the  Southwest.  Several 
mountain  streams  unite  in  forming  Tujunga  River,  which  debouches 
from  the  mouth  of  a  canyon  into  Tujunga  Wash.  The  water  immedi- 
ately sinks  out  of  sight  and  flows  through  coarse  gravels  and  sands 
under  the  plain  until  it  reaches  the  hard  rocks  north  of  Cahuenga 
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Peak,  where  it  rises  in  springs  and  enters  Los  Angeles  River,  a  per- 
ennial stream  which  supplied  the  city  of  Los  Angeles  with  water 
until  the  Owens  Hirer  supply  became  available.  Many  legal  con- 
tests have  arisen  over  the  efforts  of  the  people  owning  the  land 
along  Tujunga  Wash  to  sink  wells  into  the  subterranean  river,  but 
the  courts  have  held  that  the  right  of  the  city  of  Los  Angeles  to  this 
water  is  as  well  founded  as  if  the  river  flowed  on  top  of  the  ground. 
Very  little  water  flows  over  Tujunga  Wash  except  during  certain 
parts  of  the  rainy  season.  Passengers  often  wonder  why  the  rail- 
road builds  long  trestles  across  apparently  dry,  cactus-covered  desert, 
but  during  the  torrential  rains  which  occur  every  few  years  the  wash 
becomes  a  raging  torrent.  Settlers  who  are  not  familiar  with  the 
characteristics  of  such  washes  are  often  robbed  of  their  entire  land 
holdings  by  changes  of  channel. 

At  milepost  457  the  railroad  crosses  the  pipe  line  from  Owens  River. 

The  traveler  looking  eastward  from  San  Fernando  Valley  obtains 
a  good  view  of  the  west  end  of  the  San  Gabriel  Range,  which 
extends  from  the  low  Fernando  Pass,  utilized  by  the  Valley  Line  of 
the  Southern  Pacific,  eastward  to  Cajon  Pass,  north  of  San  Bernardino, 
a  distance  of  70  miles.  The  culminating  peak  in  the  eastern  portion 
of  the  range  is  Old  Baldy,  10,080  feet  in  elevation.  This  peak,  often 
snowcapped,  is  visible  from  Los  Angeles.  The  western  end  of  the 
range,  including  Mount  Wilson  and  Mount  Lowe,  is  lower,  rising  only 
to  a  general  elevation  of  3,000  to  4,000  feet.  Some  sedimentary  beds 
of  the  Fernando  formation  flank  the  granitic  rocks  at  the  west  end 
of  the  range  and  are  faulted  into  contact  with  these  rocks  on  the  south. 
On  a  clear  day  the  sedimentary  rocks  can  be  easily  distinguished  from 
the  granites  by  their  yellow  color. 

At  milepost  455  the  Pacific  Electric  Railway  track  is  crossed.    On 

the  left  in  the  distance  from  Raymer  station  is  the 

ymcr#  large  white  schoolhouse  at  Van   Nuys,  a  town  on 

SrSS^Sta.   a  branch  line  of  *he   Southern  Pacific   that  runs 

through  an  agricultural  district  south  of  the  Coast 

Line  and  nearer  the  river. 

Zelzah  is  the  great  hay  center  of  the  San  Fernando  Valley.    The 

region  yields  about  40,000  tons  annually,  of  which  95  per  cent  is 

barley  hay.    Much  fruit  is  also  raised  in-  the  valley, 

Zelzah.  ^e  orchards  being  irrigated  by  pumping  ground 

Elevation  803  feet.      water.    As  the  road  approaches  the  west  end  of  the 

Los  Angeles  25  miles.     —         _,  ittm-i  •  i  • 

San  Fernando  Valley  the  most  prominent  elevation 
to  the  left  is  Saddle  Peak,  the  name  being  suggested  by  the  obvious 
similarity  of  the  mountain  top  to  a  saddle.  The  rocks  here  are  very 
resistant  sandstones  and  the  crest  of  the  ridge  is  rugged  and  almost 
inaccessible.  The  Santa  Susana  Range  bounds  the  north  side  of  this 
part  of  the  valley. 
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To  a  geologist  one  of  the  most  impressive  sights  of  the  whole  trip 
from  Los  Angeles  to  San  Francisco  is  the  great  escarpment  of  thick- 
bedded  Eocene  sandstones  which  blocks  the  west 
Chatewarth.  end  of  the  San  Fernando  Valley.    From  the  east  the 

Elevation  052  feet.  beds  are  seen  to  lie  one  on  top  of  another  to  a  height 
lS^Smim.  of  nearly  1,200  feet  above  the  valley.  The  continua- 
tion of  these  beds,  whose  edges  are  thus  visible,  lies 
under  the  San  Fernando  Valley,  and  the  escarpment  indicates  a 
great  break  in  the  earth's  crust  along  which  the  rocks  on  the  north- 
west side  have  been  heaved  up  or  those  on  the  southeast  side  have 
sunk.  In  other  words,  the  steep  slope  that  closes  the  west  end  of 
the  valley  is  a  fault  scarp.  The  faulting  took  place  many  hundreds 
of  years  ago  and  the  cliff  has,  of  course,  since  been  modified  by  the 
action  of  water  and  air.  This  great  fault  extends  from  the  south- 
west corner  of  the  valley  in  a  north-northeasterly  direction  into  the 
Santa  Susana  Mountains.  The  Eocene  sandstones  are  eroded  into 
grotesque  shapes,  some  of  them  suggestive  of  battlements  rising 
steeply  above  the  railroad. 

Sandstone  from  the  Topatopa  formation  (Eocene)  quarried  2  miles 
northwest  of  Chatsworth  is  utilized  for  the  San  Pedro  Breakwater 
and  also  as  a  building  stone. 

After  passing  through  two  tunnels  which  penetrate  minor  ridges  the 
railroad  goes  through  a  tunnel,  7,369  feet  long,  about  500  feet  below 
the  Santa  Susana  Pass.  The  line  between  Los  Angeles  and  Ventura 
counties  is  crossed  midway  of  this  tunnel.  The  Eocene  beds  (Topa- 
topa) dip  west  at  a  rather  low  angle,  so  that  the  tunnel,  from  east  to 
west,  cuts  successively  younger  or  higher  beds  in  the  formation. 
Soon  after  leaving  the  tunnel,  the  train  goes  through  some  cuts  of 
coarse  Eocene  conglomerate  which  overlies  the  beds  just  described. 
These  rocks  form  the  east  end  of  Simi  (see'me)  Valley,  which  comes 
into  view  as  the  train  proceeds  westward  beyond  the  tunnel. 

Although  the  Eocene  series  here  is  more  than  3,000  feet  thick,  the 
dip  of  the  beds  to  the  west  soon  carries  them  out  of  sight  under  the 

younger  formations.  The  rocks  immediately  over- 
Santa  Susana.       lying  the  coarse  Eocene  sandstone  and  conglomerate 


Elation  964  feet.       ^q  soft  rusty-brown  sandstones  of  Oligocene 

the  Sespe  formation.  On  the  north  (right)  side  of 
the  valley,  opposite  milepost  436,  oil  derricks  of  the  NewhaJl  field 
are  seen  in  the  distance  near  the  base  of  some  low  hills  lying  in  front  of 
the  main  Santa  Susana  Range.  These  derricks  mark  the  position 
of  wells  that  penetrate  the  uppermost  beds  of  the  Eocene  (Topatopa 
formation),  on  the  flanks  of  a  well-developed  arch  or  anticline  in 
these  beds.  The  anticline  extends  eastward  along  the  base  of  the  hills. 
The  wells  range  in  depth  from  300  to  1 ,800  feet  and  yield  from  5  to 
200  barrels  each  daily  of  37°  Baum6  oil,  the  best  oil  in  the  State. 
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The  light-colored  beds  showing  low  in  the  hills  behind  the  derricks 
belong  to  the  Sespe  formation  (Oligocene).  Above  them  are  darker 
beds  belonging  to  the  Vaqueros  sandstone  (lower  Miocene).  The 
very  lightest  beds  at  the  top  are  the  Monterey  shale  (Miocene). 
A  full  sequence  of  the  formations  is  found  in  some  of  the  canyons 
running  northward  from  the  Simi  Valley  to  the  crest  of  the  range. 

The  hills  immediately  south  of  the  town  of  Santa  Susana  consist  of 
the  rusty  beds  of  the  Sespe  (Oligocene)  formation.  Farther  back  are 
the  underlying  Topatopa  (Eocene)  beds.  Still  farther  south  the 
Santa  Monica  Range  consists  of  a  thick  series  of  Cretaceous  sedimen- 
tary rocks  cut  by  complicated  masses  of  igneous  rocks,  largely  of 
Miocene  age. 

The  Simi  Valley,  like  the  San  Fernando  Valley,  owes  its  existence 
and  general  form  to  the  folding  and  faulting  of  the  rocks — that  is,  it  is 
essentially  a  structural  valley  and  not  wholly  or  chiefly  the  work  of 
erosion.  It  is  filled  with  alluvium  to  an  unknown  depth.  On  the 
north  side  of  the  valley  a  well-defined  sag  in  the  strata  (a  syncline) 
underlies  the  line  of  hills  between  the  crest  of  the  nearest  range  and 
the  crest  of  the  most  northern  range  visible.  This  northern  range 
forms  the  south  side  of  Santa  Clara  Valley1  from  Saugus  to  Ventura. 
On  both  sides  of  that  valley  are  productive  oil  fields  that  yield  petro- 
leum ranging  from  a  heavy,  tarry  oil  to  an  oil  of  very  light  gravity 
that  is  much  sought  after  by  the  refiners  of  illuminating  oil.3 


1  There  are  at  least  two  Santa  Clara  val- 
leys in  California— one  in  Ventura  and 
Los  Angeles  counties,  drained  by  Santa 
Clara  River,  and  the  well-known  fertile 
lowland  just  south  of  San  Francisco  Bay, 
in  Santa  Clara  County.  The  traveler 
from  Los  Angeles  to  San  Francisco  passes 
through  parts  of  both  of  these  valleys  and 
should  keep  the  distinction  in  mind. 

9  The  Santa  Clara  district  is  the  oldest 
oil-producing  territory  in  the  State,  the 
first  oil  being  obtained  here  about  48  years 
ago  from  tunnels  driven  near  Ventura  and 
on  the  south  flank  of  Sulphur  Mountain. 
The  first  productive  well  in  California  was 
drilled  near  Ventura  in  1867.  The  dis- 
trict includes  the  region  on  both  sides  of 
Santa  Clara  River  from  the  Newhall  field, 
in  Los  Angeles  County,  40  miles  northwest 
of  Los  Angeles,  to  the  Ojai  Valley  field,  in 
Ventura  County,  about  50  miles  farther 
west.  The  Santa  Clara  district  produced 
practically  all  the  oil  in  the  State  up  to 
1880,  when  the  Puente  Hills  district  was 
discovered.  The  bulk  of  the  production 
is  of  refining  grade.    The  yield  in  1913 


was  1,042,348  barrels,  most  of  which  was 
piped  to  seaboard. 

The  district  comprises  13  fields,  some  of 
which  are  in  almost  inaccessible  places, 
the  productive  territory  being  confined  to 
very  narrow  strips  along  the  crests  of  sharp 
folds.  The  wells  range  in  depth  from  200 
to  3,700  feet,  a  large  number  being  less 
than  1,000  feet  deep.  It  is  estimated  that 
the  average  depth  of  the  wells  is  less  than 
in  any  other  district  in  the  State. 

The  heaviest  oil,  ranging  from  11°  to  16° 
Baum6,  is  found  in  the  Ojai  Valley,  Hop- 
per Canyon,  and  Elsmere  Canyon  fields. 
Practically  all  the  other  fields  yield  refin- 
ing oil  ranging  from  23°  to  38°  Baume\ 
The  wells  vary  greatly  in  capacity,  some 
having  an  initial  flow  of  600  to  600  barrels 
a  day  and  some  being  profitably  operated 
for  a  yield  of  2  barrels  a  day  or  even  less. 
It  is  estimated  that  the  average  daily  pro- 
duction per  well  for  the  entire  district  in 
1913  was  7.2  barrels. 

Although  practically  all  the  fields  have 
been  operated  for  many  years,  the  terri- 
tory is  by  no  means  all  prospected,  and 
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Moorpark. 

Elevation  511  feet. 
Lob  Angeles  48  miles. 


A  stratigraphic  arch,  the  Simi  anticline,  crosses  the  mouth  of  Tapo 
Canyon  from  east  to  west,  extends  westward  for  2  or  3  miles,  and 

then  gradually  swings  toward  the  southwest,  crossing 
Slml-  the  west  end  of  the  Simi  Valley.    The  hills  which 

Population  748.«        limit  this  valley  on  the  west  have  been  carved  by 

Los  Angeles  42  miles.  *  .  J 

erosion  from  the  upfolded  beds  of  this  anticline.  The 
beds  on  the  north  flank  of  the  anticline  are  well  exposed  in  the  hills 
northwest  of  the  valley. 

From  the  town  of  Simi  the  railroad  follows  Arroyo  Simi  to  Moor- 
park.  The  rocks  exposed  in  the  cuts  along  the  arroyo  (Spanish  for 
small  stream)  are  chiefly  conglomerates  and  sandstones  of  the  Sespe 
(Oligocene)  formation.  The  same  rocks  also  compose  the  low  hills 
on  both  sides  of  the  track  as  far  as  one  can  see. 

An  old  terrace  is  visible  on  the  north  side  of  the  track  at  the  head 
of  the  Little  Simi  Valley,  north  of  the  village  of  Moorpark.    This 

terrace  was  probably  formed  at  the  same  time  as 
some  of  the  marine  terraces  on  the  coast,  though  it 
is  doubtless  due  to  stream  erosion  and  not  to  waves. 
Moorpark  is  a  center  for  barley,  hay,  dried  fruit,  and 
beans.  Water  for  irrigation  is  pumped  from  little  Simi  Creek.  West 
of  Moorpark  the  rocks  of  the  Fernando  formation  form  low  hills  on 
both  sides  of  Little  Simi  Valley.  The  high  hills  farthest  north,  in- 
cluding Oak  Ridge,  consist  of  the  Vaqueros  and  higher  beds  of  the 
Monterey  group,  which  here  have  an  anticlinal  structure.  Rem- 
nants of  the  old  river  terrace  appear  along  the  south  side  of  Little 
Simi  Valley  for  2  or  3  miles  below  Moorpark,  and  near  the  west  end 
of  the  valley  suggestions  of  other  less  prominent  terraces  are  seen  on 
both  sides.  Little  Simi  Valley  owes  its  form  partly  to  structure  but 
largely  to  erosion. 

From  Ternez  and  Lagol,  in  the  western  part  of  the  Little  Simi  Val- 
ley, fine  distant  views  may  be  had  to  the  right  (north)  of  San  Caye- 
tano  Mountain  (4,122  feet),  which  lies  beyond  Oak  Ridge  and  Santa 
Clara  River,  just  west  of  Sespe  Canyon.  The  mountain  consists 
largely  of  Eocene  (Topatopa)  and  overlying  Oligocene  (Sespe)  beds. 
Its  southern  slope  is  a  fault  scarp  modified  by  erosion. 

North  and  west  of  San  Cayetano  Mountain  are  visible  the  Topatopa 
Mountains,  a  prominent  range  in  the  Santa  Barbara  National  Forest. 
This  range  is  the  eastern  extension  of  the  Santa  Barbara  and  Santa. 


additions  to  the  productive  areas  are  being 
made  from  time  to  time. 

The  formations  involved  in  the  geology 
of  the  district  include  a  basal  complex  of 
granitic  and  gneissic  rocks,  on  which  rest 
the  Topatopa,  Sespe,  Vaqueros,  Monterey 
'vpper  part) /and  Fernando  sedimentary 
mations.    All  these  sedimentary  for- 


mations contain  oil,  but  the  Sespe  is  the 
most  productive. 

The  production  of  the  Santa  Clara  dis- 
trict in  1870  was  3,600  barrels.  The 
production  in  1913  was  1,042,348  barrel*, 
and  the  total  production  of  the  district, 
including  that  of  1913,  has  been  16,139,943 
barrels. 
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Tnez  Range,  along  the  south  base  of  which  the  railroad  runs  from 
Ventura  to  Point  Conception,  a  distance  of  nearly  75  miles.  Its 
structure  in  general  is  anticlinal,  the  crest  of  the  arch  being  pushed 
over  (overturned)  to  the  south.  It  consists  principally  of  Topatopa 
fEocene)  and  Sespe  (Oligocene)  rocks,  flanked  along  the  lower  hills  by 
sandstones  and  shales  of  the  Vaqueros  and  later  beds  of  the  Mon- 
terey group  (Miocene). 

The  prominent  sharp  ridge  on  the  right,  north  of  Somis  (see  sheet 
2a,  p.  110)  in  which  light-colored  and  reddish  formations  are  exposed, 

is  the  west  end  of  Oak  Ridge.  It  is  composed  largely 
So,nb#  of  Monterey  shale,  which  in  places  has  been  turned 

Elevation  3M  ft*.  brick-red  through  the  oxidation  of  its  former  oil  COn- 
Los  Angeles  56  miles.  .  ^° 

tent.  The  hills  between  Somis  and  Oak  Ridge  con- 
sist largely  of  the  Fernando  formation. 

In  Pleasant  Valley  in  the  neighborhood  of  Somis  and  Camarillo 
(ca-ma-reel'yo)  there  are  17,800  acres  of  beans  now  growing.  Large 
Camarillo  quantities  of  honey,  walnuts,  and  dried  fruit  are  also 

produced  here.  On  the  left  (east)  a  few  miles  from 
Elevation  140  feet       Camarillo  is  the  bold  northwest  end  of  the  Santa 

Los  Angeles  58  nJles.  . 

Monica  Range.  At  its  base  can  be  seen  a  quarry  of  a 
gray  igneous  rock  that  is  extensively  used  by  the  railroad  for  ballast. 
The  terrace  near  Moorpark  has  a  counterpart  in  the  vicinity  of  Cama- 
rillo, due  partly  to  stream  action  and  partly  to  wave  action. 

The  hills  north  of  Pleasant  Valley  have  been  carved  by  erosion 
from  a  broad  east-west  anticline  which  lies  south  of  the  main  Oak 
Ridge  arch.  The  west  end  of  this  anticline  disappears  (plunges) 
under  the  alluvium  of  the  Hueneme  (way'nay-may)  Plain.  Its 
flanks  are  covered  by  the  soft  Fernando  beds,  which  extend  north- 
ward across  Santa  Clara  Valley. 

Under  the  Hueneme  Plain  is  one  of  the  best-developed  artesian 
basins  in  southern  California.  The  wells  range  in  depth  from  about 
60  to  200  feet  and  yield  a  good  flow  of  excellent  water  that  is  utilized 
for  irrigating  beans  and  sugar  beets,  which  are  produced  in  enormous 
quantities. 

Oxnard  is  surrounded  for  miles  by  fields  of  beans  and  beets  and  is 

one  of  the  greatest  sugar  and  bean  centers  in  the 
Otnaxd.  world.    In  the  large  factory  seen  to  the  left  of  the 

Eierstion  45  feet.  railroad  as  the  train  enters  the  town  3,000  tons  of 
LaAn^2o7miies.   l>eets  a*6  sliced  daily  and  1,500  carloads  of  sugar  are 

produced  annually. 

A  sinking  of  the  land  less  than  100  feet,  a  moderate  depression  in 
comparison  with  movements  that  are  known  from  geologic  evidence 
to  have  taken  place  along  the  California  coast,  would  cover  the 
whole  Hueneme  Plain  with  salt  water.  The  plain  is  doubtless  the 
old  delta  of  Santa  Clara  River,  which  is  crossed  at  milepost  404,  near 
Montalvo. 
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From  Montalvo  a  branch  of  the  Southern  Pacific  runs  up  Santa 

Clara  River  to  the  oil  district  and  connects  with  the  San  Joaquin 

Valley  line   of   the   same   company.    Immediately 

Montalvo.  northeast  of  Montalvo  are  the  remnants  of  one  of  the 

Elevation  90  feet.        ^  S3a  or  ^y^  terraces,  and  half  a  mile  farther  north- 
Los  Angeles  72  miles. 

west  is  another  remnant.  The  hills  north  of  Santa 
Clara  River,  between  Montalvo  and  Ventura,  consist  of  Fernando 
beds,  from  8,000  to  10,000  feet  in  total  thickness.  Fossils  found  in 
different  layers  indicate  that  this  formation  ranges  in  age  from  the 
upper  Miocene  to  Pleistocene.  (See  table  on  p.  94.)  The  beds  are 
soft  and  form  the  south  side  or  limb  of  a  broad  anticline  whose  axis 
crosses  Ventura  River  in  an  east-west  direction  about  2£  miles  north 
of  the  city  of  Ventura.  Consequently  the  beds  near  Ventura  dip 
south,  whereas  those  north  of  the  anticlinal  axis  dip  north.  Knowl- 
edge of  such  structural  relations  as  are  here  outlined  is  very  important 
in  prospecting  for  oil.  This  great  area  of  Fernando  beds  extends 
northeastward  for  about  20  miles  as  a  belt  of  relatively  low  hills 
between  Sulphur  Mountain  on  the  north  and  Santa  Clara  River  on  the 
south. 

Sulphur  Mountain  is  an  anticlinal  fold  of  Monterey  shale.  The 
fold  is  overturned  toward  the  south,  and  the  steepness  of  the  south 
face  of  the  mountain  is  due  to  this  structure.  This  steep  face  is 
plainly  visible  in  clear  weather  from  the  railroad  between  Santa  Paula 
and  Montalvo.  Some  of  the  best  oil  in  the  State  comes  from  wells  on 
the  south  face  of  Sulphur  Mountain. 

The  city  of  Ventura  (abridged  from  San  Buenaventura)  is  pleas- 
antly situated  on  the  terraced  slopes  overlooking  the  sea  between  the 

mouths  of  Santa  Clara  and  Ventura  rivers.  Besides 
Ventura.  being  a  delightful  seaside  resort  it  manufactures  some 

Elevation  4  feet.         machinery  and  has  a  large  trade  in  beans,  sugar  beets, 
LosAngetos 77 miles,    apricots,  and  other  crops.    With  its  many  charming 

homes,  wealth  of  flowers,  and  lawns  of  the  Japanese 
clover  (Lippia  repens),  Ventura  invites  more  than  the  passing  glimpse 
to  be  had  from  the  train.  Its  mission,  built  in  1782,  is  still  in  use  and 
may  be  seen,  together  with  the  county  courthouse,  from  the  train  by 
looking  up  the  streets  on  the  right,  soon  after  leaving  the  station. 

A  branch  line  runs  from  Ventura  up  Ventura  River  to  Nordhoff, 
16  miles  away,  in  Ojai  (o-high')  Valley,  inclosed  by  mountains  of 
which  Topatopa  (6,351  feet)  is  chief.  The  wild  Matilija  (ma-tee- 
lee'ha)  Canyon  and  Wheelers  Hot  Springs  are  near  by.  Nordhoff  is 
noted  as  a  winter  resort.  The  route  from  Ventura  thither  crosses  the 
Fernando,  Monterey,  and  Sespe  formations  and  the  Sulphur  Mountain 
fault. 

On  the  west  side  of  the  mouth  of  Ventura  River,  about  a  mile  north- 
west of  Ventura,  are  some  finely  developed  sea  terraces.     The  train 
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skirts  one  of  these  on  the  right,  and  the  deep  gullies  expose  the  sand 
and  gravel  on  its  outer  edge.  Remnants  of  the  same  terraces,  some 
of  them  extending  up  to  an  elevation  of  about  500  feet,  may  be  noted 
at  several  points  from  Ventura  northwestward  for  15  or  20  miles  to  the 
vicinity  of  the  mouth  of  Rincon  (rin-cone')  Creek.  That  these  ter- 
races mark  the  positions  of  old  sea  beaches  is  known  to  the  geologist 
not  only  from  their  form  but  from  other  more  convincing  evidence. 
Along  the  beaches  of  the  present  day  live  clamlike  mollusks  (Pholas) 
which  by  turning  round  and  round  and  using  their  shells  as  a  sort  of 
auger,  bore  for  themselves  holes  in  the  rock  in  which  they  live.  Holes 
unmistakably  formed  in  this  way  can  be  found  along  the  inner  edges 
of  some  of  the  terraces  that  are  now  hundreds  of  feet  above  the  ocean. 
Moreover,  the  gravels  that  lie  on  the  terraces  contain  many  species  of 
marine  shells. 

Rincon  Mtn 


RAlDfOAD 
OCEAN 


Elevated 
sea  beach 


Cliff  of  Fernando 
formation 
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Fioubk  14  .—Generalised  cross  section  from  the  Pacific  Ocean  to  Rincon  Mountain,  CaL,  showing  apparent 

relations  of  the  formations. 

For  2  or  3  miles  west  of  Ventura  the  ro*d  lies  on  a  low  terrace  about 
40  feet  above  the  waves.  Just  beyond  milepost  394,  on  the  right,  is 
a  prominent  hill  that  was  formed  suddenly  about  40  years  ago  by  a 
landslide  that  buried  the  stage  road. 

The  hills  along  this  part  of  the  coast  consist  of  coarse  conglomerates 
and  sandstones  of  the  Fernando  formation,  dipping  westward  at  an 
angle  of  about  45°.  Toward  the  northwest  the  shore  line  cuts  lower 
and  lower  into  the  formation,  exposing  soft  sandstones  and  sandy  shales. 

Beyond  Los  Sauces  Creek  (sow'ses,  Spanish  for  the  willows),  having 
crossed  the  anticline  referred  to  on  page  104,  the  traveler  comes  at  mile- 
post  388  to  bold  bluffs  of  the  Fernando  beds,  which  dip  to  the  north- 
east and  are  overlain  by  the  horizontal  Pleistocene  beds  of  an  uplifted 
marine  terrace.  A  generalized  cross  section  from  the  shore  to  Rincon 
Mountain  (fig.  14)  illustrates  the  apparent  relations  of  the  formations 
in  this  region. 

At  a  point  12  miles  northwest  of  the  mouth  of  Ventura  River, 
near  milepost  385,  between  Seacliff  and  Rincon  Point  (Benham), 
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the  shore  line  crosses  the  contact  between  the  Fernando  and  the 
Monterey  formations.  Remnants  of  terraces  are  to  be  seen  all 
along  here  at  different  heights  above  sea  level.  The  layers  of  the 
Monterey  shale,  as  a  rule,  are  highly  contorted  and  wide  areas  of 
intricately  crumpled  shale  are  laid  bare  at  low  tide.  In  general  the 
beds  dip  to  the  south  at  fairly  high  angles.  The  canyons  which 
cut  into  the  shale  are  sharp  and  steep  sided  and  afford  excellent 
exposures  of  the  rocks. 

At  several  places  dark-colored  oil  sands  are  interbedded  with  the 
shale.  The  saturation  of  these  sands  is  so  small  and  the  structure 
is  so  unfavorable  that  no  productive  wells  have  yet  been  drilled 
between  Punta  Gorda  and  Carpinteria.- 

At  Benham  the  railroad  crosses  Rincon  Creek,  which  is  here  on 
Monterey  shale,  and  traverses  an  alluvial  plain  for  several  miles. 

An  asphalt  mine  is  plainly  visible  on  the  left  side 
of  the  track.     Large  quantities  of  this  black  asphalt- 

Lob  Angeles  91  miles.    goake(J   Sjmd   have   been   mine(J   out   of   the  ^   cM 

and  the  asphalt  distilled  from  it  in  the  old  refinery  near  by.  The 
underlying  shale  (Monterey),  from  which  the  oil  oozed  into  the 
Pleistocene  deposits  and  there  evaporated  in  part  to  form  the  asphalt 
beds,  is  visible  in  the  bottoms  of  the  pits,  and  is  also  well  exposed 
in  several  cuts  along  the  track  immediately  south  of  the  refinery. 
One  deep  well  has  been  drilled  in  the  Monterey  beds  half  a  mile 
east  of  the  refinery,  but  no  commercial  deposits  of  oil  were  found. 

Carpinteria  (car-pin-tay-ree'ah,  Spanish  for  carpenter  shop) 
was  named  in  August,  1769,  by  Friar  Juan  Crespe  and  his  companion 

pioneers,  who  found  the  Indians  making  dugouts. 
Carpinteria.  Here  is  a  wonderful  grapevine,  probably  as  old  as 

Elevation  5  feet.  f^Q  missions,  whose  trunk  is  8  feet  in  circumference, 
118668  ""  larger  than  any  other  known  on  the  continent.  Its 
enormous  yield  of  15,000  to  20,000  pounds  of  grapes  is  unequaled, 
being  several  times  more  than  the  yield  of  the  famous  vine  at  Hamp- 
ton Court,  England. 

On  a  sea  terrace  nearly  2  miles  wide  along  the  hills  back  of  Car- 
pinteria great  quantities  of  fruit,  nuts,  and  beans  are  raised.  Be- 
yond this  alluvial  terrace  rises  a  sharp  ridge  composed  of  the  Topatopa 
and  Sespe  formations,  dipping  at  angles  from  60°  to  75°  toward  the 
coast.  These  beds  are  cut  by  a  pronounced  fault  on  the  north 
side  of  the  ridge.  Still  farther  north,  visible  from  the  train,  is  the 
main  Santa  Barbara  Range,  which  consists  of  a  great  anticline 
overturned  to  the  south  and  exposing  the  beds  of  the  Topatopa 
formation  and  the  overlying  Sespe.  The  beds  on  the  south  side 
of  the  range  dip  northward  in  consequence  of  this  overturn.  West 
of  Carpinteria  the   terrace  gradually  narrows.    A  lagoon   visible 

i  the  left  indicates  slight  recent  subsidence  of  the  coast. 
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Summerland. 


The  high  ridge  of  Topatopa  and  Sespe  rocks  extends  to  Toro 
Canyon,  northeast  of  Summerland.  From  this  point  it  slopes  off 
into  the  hills  north  of  Summerland,  which  are  composed  of  red 
sandstones  and  shales  (Sespe),  black  shales  and  some  interbedded 
sands  (Vaqueros),  and  the  overlying  diatomaceous  shales  with  two 
interbedded  layers  of  volcanic  ash  of  the  Monterey  group,  all 
dipping  toward  the  coast  at  high  angles. 

The  people  of  Summerland,  once  a  pleasure  resort,  are  now  suc- 
cessfully invading  the  adjacent  ocean  bed  and 
pumping  oil  out  of  it  (PL  XXVI,  p.  108).  The  sight 
Elevation  5  feet.  0f  0j]  derricks  on  piers  extending  out  into  the  ocean 
"*  w  is  unique.    The  wells  range  in  depth  from  300  feet 

near  shore  to  1,200  feet  at  the  end  of  the  longest  wharf.1 

At  Summerland  the  Monterey  group  is  overlain  by  the  Fernando 
formation,  both  dipping  toward  the  sea.  A  local  anticline  is  devel- 
oped in  these  Fernando  beds,  and  on  the  flanks  of  this  arch  and  in  the 
area  underlain  by  the  seaward-dipping  beds  is  located  the  Summer- 
land  oil  field.  The  Fernando  beds  are  overlain  by  coarse,  nearly 
horizontal  beds  of  Pleistocene  age  which  underlie  the  soil  over  the 
whole  Summerland-Carpinteria  terrace.  These  beds  are  impregnated 
with  oil  in  the  sea  cliff  in  Summerland,  and  the  productive  beds  of  the 
Fernando  are  also  oil-bearing  where  exposed  along  the  same  cliff. 
A  conspicuous  unconformity  between  the  two  formations  is  exposed 
near  the  north  end  of  town. 

Miramar  (Spanish  for  behold  the  sea),  a  village  remarkable  for  its 
wealth   of  flowers,   is  between  Summerland   and   Santa  Barbara. 

The  land  here  slopes  gradually  up  from  the  ocean 
toward  the  foot  of  the  range.  This  even  slope  is  the 
ix»Ang*»  ioo  mite.  surface   of   ^   auuvial   deposit  brought   down  by 

streams   from   the  mountains.    Such  deposits   at  the  mouths   of 
canyons  are  known  as  alluvial  fans  or  alluvial  cones. 

The  low  hills  seen  to  the  right  (northwest)  on  the  way  between 
Miramar  and  Santa  Barbara  are  the  remains  of  one  or  more  old  sea 
terraces  that  flank  the  range  in  the  vicinity  of  Santa  Barbara  and 
have  been  partly  eroded  away.  The  south  face  of  these  hills  consists 
of  Monterey  shale,  dipping  steeply  toward  the  north  and  behind 
them   toward    the  mountains,  are  successively  the  Vaqueros   and 


Miramar. 


1  The  Summerland  oil  field  was  opened 
in  1891  and  was  soon  completely  drilled. 
Only  a  few  of  the  wells  are  now  being 
operated,  and  these  produce  an  average 
of  about  2  barrels  a  day  apiece.  On 
Dec.  31,  1912,  the  Summerland  district 
contained  152  producing  wells,  and  the 
production  for  that  year  was  65,376 
barrels.    In    1894   the   production   was 


1,500  barrels.  The  greatest  annual  pro- 
duction was  208,370  barrels,  the  quantity 
produced  in  1899,  and  the  total  production 
from  1894  to  1913,  inclusive,  was  1,867,594 
barrels.  The  oil  is  dark  brown  or  black 
and  ranges  in  gravity  from  9°  to  18° 
Baum6.  It  is  used  principally  for  the 
manufacture  of  asphalt,  for  fuel,  or  for 
road  dressing. 


108  GUIDEBOOK  OF  THE  WESTEBN  UNITED  STATES. 

Sespe  formations.    The  principal  part  of  the  range,  as  previously 
described,  consists  of  steeply  dipping  beds  of  the  Topatopa  formation. 

A  local  anticline  extending  in  a  southeasterly  direction  is  developed 
in  the  hill  about  three-fourths  of  a  mile  west  of  Montecito.  This 
affects  the  Fernando  formation  much  like  the  anticline  at  Summer- 
land,  but  although  the  Summer-land  fold  yields  oil  the  Montecito 
fold  does  not. 

Near  Santa  Barbara  the  traqi  passes  a  lagoon  which,  like  that  at 
Carpinteria,  indicates  a  recent  settling  of  the  coast. 

The  city  of  Santa  Barbara  lies  in  a  broad  valley  between  the  Santa 
Ynez  (ee'ness)  Range  on  the  northeast  and  a  group  of  low  hills  on  the 

southwest.  To  the  southeast. this  valley  opens  on 
Santa  Barbara.  the  Santa  Barbara  Channel.  The  inclosing  hills  rise 
Eierstion « f«rt.  in  gently  sloping  sea  terraces  on  which  in  great  part 
Population  urow.       the  cfty  has  been  built.    Sheltered  from  the  ocean 
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winds  by  the  hills  to  the  west  and  looking  out  over  the 
sparkling  blue  waters  of  the  channel,  Santa  Barbara  enjoys  a  situation 
and  a  climate  that  have  made  it  famous  as  a  resort  and  give  its  gar-* 
dens  such  beauty  as  can  be  found  in  few  other  places  in  the  world. 

The  old  mission  church,  built  in  1786,  is  one  of  the  best  preserved 
in  California  and  has  been  pictured  on  hundreds  of  post  cards  and 
photographs.     It  is  well  worth  visiting. 

Lavigia  Hill,  directly  southwest  of  the  city,  is  composed  chiefly  of 
beds  belonging  to  the  Fernando  formation,  containing  at  a  number 
of  places  well-preserved  fossil  sea  shells  of  Pliocene  age.  At  the  east 
base  of  the  hill,  near  the  bathhouse,  is  an  exposure  of  soft  limy  beds 
(marl)  containing  fossil  marine  shells  and  impressions  of  the  moas- 
like  sea  animals  known  as  bryozoans.  These  also  are  Pliocene. 
Along  the  coast  west  of  Santa  Barbara  Point  the  Monterey  shale  is 
exposed  underlying  the  Fernando  beds  of  Lavigia  Hill. 

The  hills  lying  at  the  foot  of  the  main  range  just  north  of  Santa 
Barbara  and  extending  westward  for  several  miles  have  been  shaped 
by  erosion  from  one  or  more  old  marine  terraces  which  formerly 
stretched  along  the  seaward  baso  of  the  range. 

The  railroad,  from  a  place  near  Santa  Barbara  to  Point  Concep- 
tion, a  distance  of  about  40  miles,  follows  a  well-defined  shore  terrace 
but  little  above  sea  lovel.  On  and  near  this  terrace  are  walnut 
groves,  orchards,  bean  plantations,  and  broad  areas  of  rolling  oat  and 
barley  hay  lands.  From  it  may  be  had  broad  outlooks  over  the  sea, 
with  its  floating  masses  of  sea  weed,  now  mapped  by  the  Government 
as  a  possible  source  of  potash,  and  inland  views  of  the  rugged  Santa 
Ynez  Range,  with  its  white  rocks  projecting  from  what  at  a  distance 
looks  like  a  mossy  cover  of  chaparral.  This  terrace  is  capped  by 
soft  conglomerates  and  sandstones  which  show  in  many  railroad  cuts 
their  horizontal  bods,  wonderfully  sculptured  into  vertical  forms  by 
the  heavy  rains  of  winter.     (See  PI.  XXVII.)     These  uplifted  shore 
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deposits,  representing  the  combined  action  of  sea  waves  and  land 
streams,  are  well  exposed  about  6  miles  north  of  Santa  Barbara  (at 
365  miles  from  San  Francisco),  where  they  rest  on  upturned  and  con- 
torted beds  of  Monterey  shale. 

At  Goleta  (go-lay7 ta,  Spanish  for  schooner),  amid  walnut  groves 
on  the  right,  is  a  nursery  of  the  Southern  Pacific  Co.,  in  which  are 

grown  trees,  shrubs,  and  flowers  to  ornament  the  sta- 
Gele*a*  tion  grounds  and  to  plant  on  drifting  sands  in  order 

STi£!S^m*-        to  prevent  their  covering  the  railroad.    An  example 

*  of  this  treatment  of  sand  will  be  seen  beyond  Point 
Arguello  (ar-gwail'yo,  Spanish  for  faintness),  where  the  Santa  Ynez 
Mountains  end  at  the  ocean.  '  A  large  lagoon  on  the  left,  just  west 
of  Goleta,  indicates  coastal  sinking.  . 

On  the  right,  north  of  Elwood,  is  a  famous  olive  grove  and  oil  fac- 
tory. West  of  Elwood  some  of  the  larger  streams  from  the  moun- 
tains have  gashed  the  terrace  which  the  railroad  is 
Elwood*  following,  and  some  beautiful  views  of  ravines  and 

Elation  m  feet.        sea  may  ^  enjoyed  from  the  car  window.    This  is 
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practically  true  from  Bell  Canyon  (milepost  358) 
west  to  Gaviota.  The  larger  canyons  cut  back  into  the  mountains, 
exposing  the  several  southward-dipping  formations  in  series.  The 
light-colored  rocks  in  the  main  range  are  Topatopa,  the  reddish  rocks 
in  front  of  them  Sespe,  and  the  shales  along  the  lower  hills,  forming 
the  foundation  for  the  terrace,  are  Vaqueros  and  later  beds  of  the 
Monterey  group. 

Naples  and  Capitan  (see  sheet  3a,  p.  114)  are  small  places  beyond 
Elwood.  From  Orella  (o-rail'ya),  the  next  station,  to  Oaviota 
<-.-  (ga-vyo'ta,  Spanish  for  sea  gull)  and  a  little  beyond 

the  Monterey  shale  beds  along  the  coast  are  very  uni- 
Los  Angeles  .  £orm^  ^yjjjg  a  southerly  dip  of  30°  to  45°.     They  are 

well  exposed  along  the  foot  of  the  sea  cliff  at  low  tide.  The  straight 
shore  line  along  this  part  of  the  coast  is  due  to  the  uniform  trend  or 
strike  of  the  beds  and  their  steep  seaward  inclination  or  dip,  which 
render  them  very  resistant  to  the  attack  of  the  waves.  Neverthe- 
less, at  a  number  of  places  between  Tajiguas  (ta-hee'gwas),  346  miles 
from  San  Francisco,  and  Honda  (ohn'da,  Spanish  for  deep),  310 
miles,  the  railroad  company  has  been  compelled  to  build  a  sea  wall 
of  concrete. 

At  several  points  the  low  terrace  which  the  railroad  follows  is 
covered  by  bowlders  from  the  hills  immediately  to  the  north.  In 
the  vicinity  of  Gaviota  these  hills  come  close  to  the  shore,  and  a  good 
view  may  be  had  of  the  coarse,  steeply  inclined  sandstones. 

At  Alcatraz  (Spanish-American  pronunciation  al-ca- 

trahss',  meaning  pelican),  on  the  right  (north),  there 

ixw  Angeles  134  miles,  jg  an  0£]  pegj^ry  to  which  oil  is   piped  across  the 

Santa  Ynez  Mountains  from  the  Santa  Maria  field. 
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From  Gaviota  nearly  to  Point  Conception  the  rocks  dip  south,  but 

at  El  Co  jo  (oo'ho,  Spanish  for  cripple),  11  miles  b< 
GftWota.  yond  Gaviota,  the  shale  beds  dip  north,  indical 

Elevation  92  feet.        some  complications  of  structure  at   the  pronounce 
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bend  in  the  coast  which  forms  Point  Conception 
The  shale  extends  northwestward  from  Point  Conception  to  Sur 
(Lompoc  Junction). 

The  wind-swept  country  near  Point  Conception  is  devoted  to  thi 
raising  of  cattle  and  hay.    On  the  point  are  a  lighthouse  (PI.  XXVIII 

p.  118)  and  a  life-saving  station.  From  the  trail 
Conception*  ^  passing  from  Carpinteria  to  Concepcion,  a  dis 

Eievatkm  106  feet.       tance  of  56  miles,  beautiful  views  are  obtained  o 

'  the  Santa  Barbara  Islands.  The  intervening  Sant 
Barbara  Channel  is  shallow  and,  with  the  islands,  belongs  to  the  con 
tinent  rather  than  the  ocean.  Beyond  the  islands  the  depth  of  wat 
increases  very  rapidly,  and  this  steep  submarine  slope,  which  o 
land  would  appear  as  a  large  cliff,  marks  the  real  boundary  betwce 
continent  and  ocean.  This  slope  has  probably  been  formed  b 
faulting  as  the  continent  rose.  It  runs  north  and  south  off  Poin 
Conception  and  determines  the  abrupt  change  in  the  trend  of  th 
coast. 

At  milepost  320  the  train  crosses  Jalama  (ha4ah'ma)  Creek.    Oija 
the  left,  near  the  creek,  is  the  house  of  an  early  Spanish  settler  wh< 
harbored  the  200  survivors  of  the  Yankee  Blade,  wrecked  on  thi_ 
coast  in  1856.    The  anchor  of  the  Yankee  Blade  may  be  seen  on  tin 
left  (at  milepost  318),  in  the  field,  just  after  the  train  emerges  from  I 
small  tunnel  a  mile  southeast  of  Sudden. 

Very  good  exposures  of  Monterey  shale  are  to  b( 
Sudden.  seen  near  Sudden,  where  cracks  in  the  siliceous  shales 

Elevation  75  feet.        ^g  fjue(j  ^^  hardened  asphaltum. 

The  lighthouse  at  Point  Arguello  is  built  on  contortec 
Monterey  shale,  here  very  well  exposed.  The  terrace  which  the  rail* 
road  follows  is  narrow  but  well  defined,  and  slopes  gently  toward  th*: 
foot  of  the  hills.  At  some  points  in  the  region  between  Sudden  anc( 
Point  Arguello  there  are  indications  of  an  older,  higher  terrace.  Neal 
Point  Pedernales  (pay-dair-nah'lace,  Spanish  for  flints)  the  railroad 
crosses  Canada  Honda  (car-nyah'da  ohn'da)  Creek,  near  the  mouth 
of  which,  within  plain  view,  is  the  wreck  of  the  Santa  Rosa,  blown 
ashore  in  1911. 

Prom  Point  Pedernales,  which  marks  the  western  extremity  of  th(j 
Santa  Ynez  Mountains,  northward  the  country  near  the  coast  ^ 
covered  with  sand  dunes  which  have  drifted  from  the  beach  over  tM*" 
terraces  and  lower  hill  slopes,  impelled  by  the  strong  winds  whiclj 
continually  prevail   in  this   region.    The  drifting  sand  sometimd 
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covers  the  railroad  track  and  delays  traffic.  To  prevent  this  the 
Southern  Pacific  Co.  is  planting  successfully  acacia  trees  (Acacia 
latifolia)  and  a  coarse,  stout  beach  grass  (AmmopMla  arenaria)  that 
is  used  on  the  dikes  in  Holland. 

About  5  miles  southeast  of  Point  Pedernales  is  a  mountain  called 
El  Tranquillon  (tran-keel-yohn',  Spanish  for  maslin,  a  mixture  of 
wheat  and  rye).  The  reason  for  the  application  of  this  name  to  the 
mountain  is  unknown.  Two  or  three  areas  of  Franciscan  (Jurassic  ?) 
rocks  are  exposed  just  north  of  El  Tranquillon,  indicating  that  this 
formation  is  the  core  of  the  main  Santa  Ynez  uplift. 

The  hills  northeast  of  Point  Pedernales  to  an  elevation  of  over  1,000 
feet  are  covered  by  old  terrace  and  sand-dune  deposits. 

Surf  (Lompoc  Junction),  at  the  mouth  of  Santa  Ynez  River,  is  well 
named  from  the  breakers  that  tumble  on  its  broad  beach — Lompoc 

Beach.  Here  the  Monterey  shale  appears  again, 
Lompoc  Junction.  dipping  to  the  south  at  a  rather  low  angle.  Lom- 
Ei«vatton47foet.  poc  Beach  is  a  "gold  beach"  that  renews  its  riches 
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every  few  years,  and  occasionally  it  is  the  scene 
of  beach  placer  mining.  The  strong  waves  due  to  the  winter  storms 
strike  the  Lompoc  Beach  between  Honda  and  Purisima  Point  at  a 
low  angle  and  cause  the  sand  to  drift  northward.  The  sand  made 
up  of  lighter  minerals  drifts  most  rapidly,  and  thus  leaves  behind 
along  this  beach  the  black  sand  of  dark,  heavy  minerals.  The  black 
sand  contains  some  gold,  and  when  the  sand  is  long  exposed  to  the 
concentrating  wave  action  it  may  become  rich  enough  to  pay  for 
washing,  but  the  gold  content  is  not  large,  the  beach  placers  here 
being  not  so  rich  as  those  of  the  coast  of  northern  California  and 
southern  Oregon. 

From  Lompoc  Junction  a  branch  railroad  ascends  the  Santa  Ynez 
Valley  for  10  miles  to  the  town  of  Lompoc.  The  climate  and  soil  in 
this  vicinity  are  particularly  adapted  to  seed  growing,  and  great 
quantities  of  beans  and  sweet  peas  are  raised  here  for  seed.  Much  of 
the  mustard  produced  in  the  United  States  comes  from  Lompoc.  The 
largest  industry  of  the  place,  however,  is  the  mining  and  milling  of 
diatomaceous  earth,  of  which  there  are  large  deposits  in  Miocene  shale 
(Monterey)  a  few  miles  to  the  south.  Thousands  of  tons  of  white 
limestone  are  also  shipped  from  Lompoc  annually. 

Northeast  of  Lompoc  Junction  is  Burton  Mesa,  part  of  an  unusually 
broad  and  even  marine  terrace.  For  about  12  miles  north  of  Lompoc 
Junction  to  Schumann  Canyon  the  railroad  passes  through  a  region 
of  sand  dunes.  These  rest  on  a  terrace  cut  in  Monterey  shale,  which 
just  south  of  Tangair  is  hard,  white,  and  porcelaneous.  At  many 
places  the  hard  layers  of  the  shale  are  full  of  minute  cracks  which  con- 
tain hardened  asphaltum.     At  other  places  oil  seeps  from  the  shale. 
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Tangair. 


About  10  miles  east-northeast  of  Lompoc  Junction  is  the  Lompoc 
or  Purisima  oil  field,  the  wells  of  which  are  from  2,000  to  4,000  feet  in 
depth  and  produce  from  25  to  400  or  500  barrels  each  daily.1 
Near  milepost  298,  just  south  of  Tangair,  there  is  a  cut  affording 

fine  exposures  of  the  siliceous  Monterey  shale.    Here 
the  railroad  attains   the  summit  of  Burton  Mesa, 
station  no  feat      whose  surface  has  been  cut  by  wave  action  across  the 
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tilted  Monterey  beds.    There  is  an  extended  view 
over  it  on  the  right. 

1  The  Santa  Maria  oil  district  lies  in 
northern  Santa  Barbara  County,  in  the 
region  of  rolling  hills  between  the  Santa 
Ynez  and  San  Bafael  mountains.  The 
district  comprises  three  principal  fields — 
the  Santa  Maria  or  Orcutt  field,  the  Lom- 
poc field,  and  the  Gat  Canyon  field.  Up 
to  the  present  time  the  greater  part  of  the 
development  has  taken  place  in  the 
Orcutt  field,  as  this  was  the  first  one  dis- 
covered and  exploited .  The  first  success- 
ful well  was  finished  in  August,  1901. 
The  wells  in  this  field  yield  from  60  to 
2,500  barrels  of  oil  a  day  each,  although 
initial  yields  of  2,000  to  12,000  barrels 
have  been  recorded.  The  gravity  of  the 
oil  is  from  18°  to  31°  Baume\  The  wells 
of  the  Lompoc  field  yield  oil  of  16°  to  37° 
Baume*.  Successful  wells  were  drilled  in 
this  field  in  1904,  and  since  that  time  the 
further  development  of  this  part  of  the 
district  has  been  assured.  In  the  Cat 
Canyon  field  the  wells  so  far  brought  in 
have  yielded  from  150  to  as  high  as  10,000 
barrels  a  day.  The  oil  in  this  field  runs 
from  11°  to  19°  Bauml. 

The  Pacific  Coast  Railway  connects  the 
different  fields  with  Santa  Maria,  Port 
Harford,  and  San  Luis  Obispo,  the  last 
named  on  the  Southern  Pacific  Coast 
Line.  The  greater  quantity  of  the  oil 
produced  is  piped  to  the  refineries  at 
Gaviota  and  Avila,  on  the  coast;  the  Asso- 
ciated Oil  Co.  owns  the  former  and  the 
Union  Oil  Co.  the  latter  plant.  The 
Standard  Oil  Co.,  which  controls  a  small 
part  of  the  output,  has  a  pipe  line  connect- 
ing the  district  with  Port  San  Luis. 

The  shales  of  the  Monterey  group  are 
the  probable  source  of  the  oil  in  the  dis- 
trict and  the  present  reservoir  in  some  of 
the  fields  and  are  characterized  by  their 
diatomaceous  composition. 


The  Fernando  formation,  a  series  of 
sandstone,  conglomerate,  and  shale,  rests 
unconformably  upon  the  Monterey  and 
derives  its  chief  importance  in  connection 
with  studies  of  this  oil  district  from  the 
facts  that  it  obscures  the  oil-bearing  for- 
mation over  a  wide  area,  that  it  affords 
through  its  structure  a  clue  to  the  struc- 
ture of  the  underlying  Monterey,  and  that 
it  acts  as  a  reservoir  for  the  oil  in  the  Cat 
Canyon  field  and  as  a  receptacle  for  escap- 
ing bituminous  material  in  several  locali- 
ties within  the  district. 

This  district  is  a  region  of  long  sinuous 
folds,  a  peculiar  type  of  structure  charac- 
teristic of  the  Santa  Maria  region.  It  is 
near  the  axis  of  these  folds  that  the  pro- 
ductive wells  are  located. 

In  1913  there  were  289  producing  wells 
and  the  output  was  4,938,185  barrels.  The 
annual  output  of  the  district  varied  from 
99,288  barrels  in  1902  to  8,651,172  barrels 
in  1907.  The  total  output  of  the  Santa 
Maria  district  from  1902  to  1913,  inclusive, 
was  56,599,642  barrels. 

This  district  yields  four  distinct  grades 
of  petroleum  in  addition  to  the  heavy  oil 
which  flows  from  springs  or  collects  as 
asphalt  deposits.  These  petroleums  vary 
widely  in  physical  and  chemical  proper- 
ties and  as  a  consequence  are  utilized  in 
many  different  ways,  the  lighter  oils 
usually  for  refining  and  the  heavier  for 
fuels,  road  dressing,  etc.  The  oil  as  it 
comes  from  the  wells  contains  varying 
quantities  of  gas,  often  amounting  to  a 
considerable  percentage.  Some  of  this 
gas  is  very  rich  in  gasoline  hydrocarbons, 
which  are  removed  before  utilizing  for 
fuel.  The  greater  portion  of  the  oil  is 
refined  at  Port  Harford  and  Gaviota,  from 
which  it  is  distributed  by  means  of  tank 
steamers. 
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Beyond  Schumann  Canyon  and  Casmalia  the  formation  exposed  is 

the  Monterey  shale,  which  is  much  folded.  About 
OmniaM**  Casmalia  considerable  barley  is  grown  for  hay  and 

Elevation  281  test.       grain.    The  rounded  hills  in  this  vicinity  are  golden  in 

Los  Angeles  187  miles.    ^  •iii*ii«i/i  *     \ 

August  with  the  bright  little  flowers  of  the  tarweed. 

North  of  Casmalia  the  railroad  crosses  a  well-defined  anticline. 
Several  oil  wells  seen  on  the  left  (west)  side  of  the  track  have  been 
drilled  on  the  south  flank  of  this  fold  and  obtained  commercial  quan- 
tities of  very  heavy  oil  at  depths  ranging  from  1,800  to  2,500  feet. 

At  Schumann  station,  which  lies  on  the  north  flank  of  the  anti- 
cline, the  Monterey  shale  is  soft  and  thoroughly  impregnated  with 

oil,  which  colors  it  dark  and  trickles  from  it  in  places. 
Schumann.  This  is  as  good  an  exposure  of  the  soft  upper  beds  of 

Elevation  401  feet.       the  Monterey  as  can  be  seen  along  the  railroad.    The 
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lower  portion  of  this  shale  formation  is  hard,  thin 
bedded,  and  siliceous,  but  the  upper  portion  is  softer  and  does  not 
show  the  bedding  as  plainly. 

Beyond  Schumann  the  railroad  swings  to  the  left,  and  the  broad 
valley  of  Santa  Maria  River  may  be  seen  on  the  right.  The  train 
passes  along  the  northeastern  base  of  the  Casmalia  Hills,  where  the 
rocks  exposed  in  most  of  the  cuts  are  of  Pleistocene  age,  although 
the  Fernando  formation  occurs  in  the  hills  a  short  distance  south  of 
the  track.  Several  old  asphalt  mines  may  be  noticed  in  this  vicinity. 
The  asphalt  occurs  in  the  form  of  dikes  and  irregular  lenses  in  the 
soft  Fernando  sandstones. 

On  the  right  (east)  side  of  the  track,  about  2  miles  south  of  Gua- 
dalupe (gwa-da-loo'pay),  is  Guadalupe  Lake,  the  water  of  which  has 
been  impounded  by  drifting  sands.  Beyond  the  lake,  at  Betteravia, 
is  a  beet-sugar  factory. 

The  rich  alluvial  valley  about  Guadalupe  produces  large  crops  of 
beans,  beets,  potatoes  and  barley.    The  main  Santa  Maria  Valley, 

which  extends  eastward  from  Guadalupe  for  10  or  12 
Guadalupe.  miles,  is  primarily  a  structural  valley  that  has  been 

Elevation  70  feet.  deeply  filled  with  Pleistocene  and  alluvial  deposits. 
i^AnSmmmam.  ^  clearly  defined  terrace  follows  the  north  bank  of 

Santa  Maria  River,  and  northeast  of  the  valley  are 
the  San  Rafael  Mountains.  The  lower  slopes  are  marked  by  an  anti- 
clinal fold,  in  the  heart  of  which  is  a  large  mass  of  serpentine  and 
Franciscan  rocks.  The  flanks  of  this  fold,  including  the  larger  part 
of  the  southwestern  slope  of  the  mountains,  consist  of  distorted 
Monterey  shale. 

Just  north  of  the  Guadalupe  station  the  railroad  crosses  Santa 
Maria  River,  the  boundary  line  between  Santa  Barbara  and  San 
Luis  Obispo  counties.  Looking  southeast  from  this  bridge  the  trav- 
eler can  see  Graciosa  Ridge,  with  the  wells  of  the  Orcutt  or  old  Santa 

96286°— Bull.  614^15 8 
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Maria  oil  field  in  view  on  its  flanks.  Mount  Solomon,  a  flat-topped, 
buttelike  peak,  composed  of  Tertiary  rocks,  is  visible  just  to  the  left 
(east)  of  the  oil  field.  It  is  the  culminating  point  of  Graciosa  Ridge. 
Southwest  of  the  Santa  Maria  bridge  the  drifting  sands  encroach  to 
an  elevation  of  1,000  feet  on  the  flanks  of  Sulphur  Ridge.  This 
encroaching  sand  rising  so  high  on  the  mountains  is  one  of  the  peculiar 
characteristics  of  this  part  of  the  coast. 

For  14  miles  north  of  Guadalupe  the  train  passes  through  a  region 
of  wind-blown  sand.  On  the  left  (west)  as  far  as  Bromela  (bro-may la) 
is  a  prominent  ridge  of  sand  dunes  advancing  upon  rich  farms. 
Farther  north,  between  Bromela  and  Callender,  the  dunes  have 
advanced  far  inland  across  the  railroad,  and  the  company  has  an 
expensive  task  in  maintaining  the  roadway  open.  Between  Callender 
and  Oceano  (o-say'ah-no)  the  advance  is  less  rapid  and  lagoons 
have  formed  behind  the  sand.  Just  beyond  Oceano,  at  the  mouth 
of  Los  Berros  Greek  (Spanish  for  water  cresses),  Pismo  Greek  barely 
breaks  through  the  barrier  beach  it  has  followed  for  2  miles  from  Pismo. 

On  the  way  up  Pismo  Greek  beyond  Pismo  (see  sheet  4a,  p.  120) 

the  first  rocks  to  be  seen  on  the  east  are  those  of  the 
Msm0,  Santa  Margarita  formation   (Miocene),  the  equiva- 

Ekvation  25  feet.        ient  0f   the  lower  part  of  the  Fernando  formation 

Los  Angeles  212  miles.    -     t-  *i        «       *i        *    t»  1  i  i 

farther  south.  South  of  Edna  the  creek  crosses  a 
large  area  of  these  rocks,  which  in  places  are  heavily  charged  with 
asphalt. 

At  the  crossing  of  the  Pacific  Coast  Railway  just  south  of  Edna 
are  bold  bluff  exposures  of  asphalt-impregnated  sandstones  of  the 

Pismo  formation,  which  is  probably  of  the  same  age 
Edna#  as  the  Santa  Margarita  formation.    They  dip  south 

LoBAnS22^6^!     a*  m°derately  low  angles  and  are  underlain  by  more 

'  steeply  dipping  shale  beds  of  the  Monterey  group. 
These  sandstones  were  formerly  mined  for  asphalt,  but  the  produc- 
tion of  asphalt  as  a  by-product  from  the  refining  of  oil  has  for  the 
present  rendered  them  of  no  value. 

Some  oil  wells  have  been  drilled  on  the  west  side  of  the  track  south 
of  Edna.  One  or  two  of  these  wells  encountered  oil  in  commercial 
quantities,  but  they  have  never  been  operated  continuously,  owing 
to  mechanical  difficulties  caused  by  the  thickness  of  the  oil.  The 
dark-colored  asphaltic  rock  is  cavernous  in  places  and  is  eroded  into 
grotesque  forms.  East  of  Edna  are  some  well-developed  stream 
terraces. 

At  Edna  the  railroad  enters  San  Luis  Valley,  which  extends 
northwestward  for  20  miles.  On  the  northeast  the  valley  is  bounded 
by  the  Santa  Lucia  Range  and  on  the  southwest  by  the  San  Luis 
Range.  At  the  northwest  end  it  opens  to  the  ocean.  This  valley, 
unlike  most  valleys  in  the  Coast  Ranges,  has  no  stream  flowing 
lengthwise  through  it.    Pismo  and  San  Luis  creeks,  which  drain 
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most  of  it,  enter  from  the  east  and  cut  through  the  San  Luis  Range 
to  the  sea. 

Edna  is  built  in  part  on  the  Paso  Robles  (ro'blace)  formation,  of 
Pleistocene,  Pliocene,  and  late  Miocene  age.  The  rocks  composing 
this  formation,  however,  are  much  better  exposed  farther  north. 

From  a  point  2  miles  north  of  Edna  to  a  point  1  mile  beyond  the 
town  of  San  Luis  Obispo  a  set  of  rocks  not  hitherto  seen  on  this 
route,  the  Franciscan  group,  is  almost  continuously  exposed.1 

The  most  prominent  topographic  feature  in  the  vicinity  of  San  Luis 
Obispo  (Spanish  for  St.  Louis  the  bishop)  is  the  row  of  conical  hills 

that  begins  withlslay  (ees-lie')  Hill,  on  the  right  (east), 
San  Luis  Obispo.  a  little  over  2  miles  southeast  of  San  Luis  Obispo,  and 
Elevation  237  feet.  extending  to  Cerro  Romauldo  (ro-mowl'do),  about  4 
LaAngeies 233 miles,  miles  northwest  of  the  town.    There  are  eight  of  these 

hills  (Spanish  cerros),  the  four  larger  northwest  and 
the  four  smaller  southeast  of  the  city.  These  hills,  of  which  The 
Bishop  (1,502  feet)  is  the  highest,  are  composed  of  igneous  rock  and 
are  the  cores  of  small  volcanoes  which  broke  through  the  Franciscan 
sedimentary  rocks.  The  eastern  part  of  Islay  Hill  consists  of  a 
surface  flow  of  basaltic  lava. 

From  San  Luis  Obispo,  which  is  a  division  point  on  the  railroad,  the 
Pacific  Coast  Railway  runs  to  Port  Harford  on  the  coast,  passing 
through  the  resort  of  Sycamore  Warm  Sulphur  Springs.  At  Port 
Harford  is  the  end  of  the  Producers'  Transportation  Co.'s  pipe  line 
from  the  San  Joaquin  Valley  oil  fields. 

San  Luis  Obispo  is  one  of  the  old  Spanish  towns  of  California.  A 
mission  was  founded  here  in  1772  by  Father  Junipero  Serra,  and  the 
church  building  is  still  standing. 

The  most  important  metallic  mineral  resource  in  the  San  Luis 
region  is  chromite,  which  occurs  in  the  serpentine  of  the  San  Luis  and 
Santa  Lucia  ranges. 


1  The  rocks  of  the  Franciscan  group 
are  older  than  the  oil-bearing  rocks  over 
which  the  route  has  thus  far  lain  and  are 
probably  of  Jurassic  age.  They  comprise 
sandstones,  conglomerates,  shale,  and 
local  masses  of  varicolored  thin-bedded 
flinty  rocks.  The  flinty  rocks  consist 
largely  of  the  siliceous  skeletons  of  minute 
marine  animals,  low  in  the  scale  of  life, 
known  as  Radiolaria,  and  on  this  account 
they  are  called  radiolarian  cherts.  All 
the  rocks  mentioned  have  been  intruded 
here  and  there  by  dark  igneous  rocks 
(diabase,  peridotite,  etc.),  which  have  in 
large  part  undergone  a  chemical  and 
mineralogic  change  into  the  rock  known 


as  serpentine.  Closely  associated  with 
most  of  the  serpentine  are  masses  of  crys- 
talline laminated  rock  consisting  largely 
of  the  beautiful  blue  mineral  glaucophane 
and  for  that  reason  called  glaucophane 
schist.  Schist  of  this  character  is  known 
in  comparatively  few  parts  of  the  world, 
but  is  very  characteristic  of  the  Fran- 
ciscan group.  It  has  been  formed  from 
other  rocks  through  contact  metamor- 
phism — that  is,  through  the  thermal  and 
chemical  action  set  up  by  adjacent  freshly 
intruded  igneous  rocks.  The  Franciscan 
group  is  one  of  the  most  widespread  and 
interesting  assemblages  of  rocks  in  the 
Coast  Range. 
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On  leaving  San  Luis  Obispo  the  train  crosses  San  Luis  Obispo  Creek, 
which  emerges  from  a  canyon  in  the  Santa  Lucia  Range,  on  the  right 
(east).  On  the  left  is  Cerro  San  Luis  Obispo,  one  of  the  old  volcanic 
necks.  A  mile  and  a  half  beyond  the  station,  on  the  right,  is  the  Cali- 
fornia Polytechnic  School  and  in  the  foreground  a  ledge  of  rocks  char- 
acteristic of  the  Franciscan. 

The  railroad  curve  known  as  "the horseshoe"  begins  at  Goldtree,  4 
miles  from  San  Luis  Obispo,  with  a  grade  of  2.2  per  cent.  The  ascent 
continues  through  shallow  cuts  in  sandstone  belonging  to  the  Fran- 
ciscan group,  but  at  the  end  of  the  horseshoe,  above  Goldtree,  the  road 
swings  to  the  left  and  crosses  a  belt  of  serpentine  to  the  open  hilly 
country  of  the  overlying  Monterey  shale.  Near  Serrano  (elevation 
941  feet)  Franciscan  rocks  again  appear  in  complex  association  with 
serpentine  and  dark  intrusive  rocks.  The  railroad  continues  on  these 
rocks  principally  for  4  miles,  passing  by  six  tunnels  through  ridges  of 
diabase.  The  longest  tunnel,  3,616  feet  long,  is  farthest  north  and 
pierces  the  divide  into  Salinas  Valley,  nearly  600  feet  beneath  the 
summit. 

The  black  earthy  shales  seen  between  the  northernmost  tunnel  and 
Cuesta  (239  miles  from  San  Francisco)  are  of  Lower  Cretaceous  (Knox- 
ville)  age.  A  little  of  the  same  shale  was  crossed  between  the  first 
and  second  tunnels.  The  shale  overlies  the  Franciscan  rocks,  but  the 
two  formations  were  not  deposited  continuously.  The  Franciscan 
rocks  were  raised  above  the  sea  and  eroded,  then  submerged  again  and 
covered  by  the  muds  now  consolidated  as  the  Knoxville  shale.  The 
geologist  expresses  these  facts  briefly  by  saying  that  the  Knoxville  lies 
unconformably  on  the  Franciscan.  On  the  right  (east)  at  Cuesta  is 
an  area  of  dark  intrusive  rock  (olivine  diabase).  Beyond  this  the 
railroad  passes  across  a  small  area  of  light-colored  shale  (Monterey), 
traverses  another  area  of  dark  Knoxville  shale,  and  enters  upon  a  belt 
of  sandstone,  which  with  some  conglomerate  and  shale  composes  the 
characteristic  Chico  (Upper  Cretaceous)  formation.  The  sandstones 
of  the  Chico  weather  into  large  blocks.  Near  Santa  Margarita  the 
sandstone  is  covered  by  recent  alluvium. 

The  general  trend  or  strike  of  the  formations  here,  as  elsewhere  in 
this  part  of  California,  is  northwest,  in  accord  with  the  general  align- 
ment of  ridges  and  valleys. 

Santa  Margarita  is  on  the  southwest  side  of  a  northwest-south- 
east depression  which  is  followed  for  most  of  its  length  by  Sali- 
nas (sa-lee'nas)  River.     The  valley  extends  for  8  or 
Santa  Margarita*    9  miles  southeast  of   the  town  and  is  followed  by 
Elevation  996  feet.       the  railroad  for  about  10  miles  to  the  northwest.     It 

i^!ngeiei9239  miles.  owes  ite  form  partly  to  geologic  structure  and  partly 

to  erosion,  as  it  is  occupied  by  comparatively  soft 

Tertiary  formations,  while  the  hills  on  both  sides  are  composed 

ainly   of  harder,  older  rocks.    Along  the  southwest  side  of  the 
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valley,  to  the  left  of  the  railroad,  are  Franciscan  and  Cretaceous  beds. 
On  the  northeast,  to  the  right,  is  a  large  area  of  granite,  probably  of 
pre-Jurassic  age.  The  valley  represents  a  long,  narrow  trough  or 
syncline  along  which  the  Tertiary  beds  have  been  bent  down  into 
the  older  rocks.  Faulting  along  the  sides  took  part  in  the  formation 
of  the  syncline.  Erosion  afterward  removed  the  Tertiary  beds  on 
each  side  of  the  down-folded  and  down-faulted  strip,  exposing  the 
older  rocks  of  the  present  hills.  The  Tertiary  rocks  of  the  present 
valley  were  protected  to  some  extent  by  being  inlaid,  as  it  were,  into 
the  older  rocks,  but,  being  soft,  they  were  hollowed  out  into  a  valley. 
At  some  stage  in  the  erosion  and  hollowing  process  Salinas  River 
several  miles  above  Santa  Margarita  became  deflected  to  the  granite 
on  the  northeast  side  of  the  valley.  Gradually  the  valley  as  a  whole 
became  deeper  and  wider,  but  the  river  had  deepened  the  channel 
that  it  had  begun  in  the  granite  and  was  unable  to  leave  it.  Con- 
sequently the  river  to  this  day  leaves  the  belt  of  soft  Tertiary  rocks, 
turns  northeastward  into  the  hard  granite  and  after  flowing  for  5  or 
6  miles  through  that  rock,  returns  to  the  main  valley  northwest  of 
Santa  Margarita.  This  is  a  case  of  what  geologists  call  "super- 
imposed drainage.71 

The  Santa  Margarita  region  is  one  of  rolling  hills  well  covered 
with  the  wild  oat  (Avena  fatva)1  and  dotted  with  oaks.  It  is  an 
excellent  stock  country.  Growing  on  the  bottom  land  of  the  ad- 
jacent valley  are  some  of  the  finest  white  oaks  {Quercus  lobata)  to 
be  seen  in  California. 

Half  a  mile  beyond  Santa  Margarita,  on  the  right  at  milepost  235, 
is  the  Producers  Transportation  Co.'s  pump  and  ten  oil  tanks  with 
an  aggregate  capacity  of  75,000  barrels. 

The  type  section  and  locality  of  the  Santa  Margarita  formation 
is  just  north  of  the  town,  where  the  soft,  more  or  less  limy  coarse 
sandstone  of  the  formation  occurs  along  the  railroad  for  nearly  a 
mile.  These  beds  carry  large  fossil  oyster  shells  which  are  character- 
istic of  the  Santa  Margarita  formation  throughout  the  Salinas  Valley 
region. 

Near  Eaglet,  on  the  left  (west),  there  are  several  abrupt  changes 
from  Monterey  shales  to  the  coarse  beds  of  the  Santa  Margarita  and 

vice  versa.  The  hills  on  the  right  (east),  across  the 
Eaglet.  river,  are  composed  of  granite.    A  bed  of  Vaqueros 

Elevation  985  feet.       (va-kay'ros)  sandstone  that  can  be  seen  lapping  up 
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over  the  granite  along  the  base  of  the  hills  prob- 
ably once  arched  completely  over  the  granite,  but  part  of  it  has  been 
removed  by  erosion.  The  sandstone  in  turn  is  overlain  by  the 
Monterey  shale. 

1  The  wild  oat,  one  of  the  most  abundant  and  characteristic  grasses  of  California, 
was  brought  to  this  country  from  Europe. 
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The  low  hills  on  the  east  side  of  the  river  opposite  Atascadero 
(a-tas-ca-day'ro,  Spanish  for  a  deep  miry  place)  are  composed  of 

the  Paso  Robles  formation,  already  seen  at  Edna. 
Atascadero.  The  formation  in  general  consists  of  gravels  whose 

Elevation  849  feet.       pebbles  are  composed  of  shale  of  the  Monterey  group. 
lob  Angeles  247  miles,  it  ranges  in  age  from  late  Miocene  to  Pleistocene. 

Just  north  of  Atascadero  station,  on  the  west  side 
of  the  track,  is  a  good  exposure  of  the  white  f ossiliferous  Santa  Mar- 
garita sandstone,  dipping  north  and  overlain  unconformably  by  the 
light-colored  Paso  Robles  gravel. 

At  Templeton  the  railroad  turns  northward,  leaving  the  valley  of 
the  upper  Salinas  and  passing  through  Paso  Robles  Canyon  toward 

the  lower  or  main  Salinas  Valley.  Well-developed 
Templeton.  river  terraces  are  to  be  seen  in  this  vicinity. 

Elevation 1771  feet.  j^  fofoTG  reaching  Paso  Robles  station  the  train 
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passes  a  gravel  pit  in  which  a  tooth  of  an  extinct 
elephant  has  been  found.    The  gravel  is  of  stream  origin. 

Paso  Robles  (Paso  de  los  Robles,  Spanish  for  pass  of  the  oaks), 
with  its  hot  sulphur  springs  and  mud  baths,  is  widely  known  as  a 

pleasure  and  health  resort.  The  springs  have  a 
Paso  Robles.  temperature  of  95°  to  110°  F.  and  the  mud  baths 
Elevation  720  feet.       of  140°  F.    The  Camino  Real  (ca-mee'no  ray-ahl', 

uS^SS»  mam.  sPanish  for  ^g'8  ^ghway),  at  first   a   trail   but 

later  a  road  connecting  the  missions  from  Mexico 
to  San  Francisco,  passes  near  by  and  is  now  used  by  automobile 
tourists.  The  nearer  hills  on  both  sides  of  the  railroad  from  Paso 
Robles  to  San  Miguel  are  composed  entirely  of  the  Paso  Robles 
formation. 

At  milepost  214,  2  miles  north  of  Paso  Robles,  near  the  railroad  and 
the  river,  is  the  now  hot  mud  bathhouse  of  the  Paso  Robles  Hotel. 
The  Camino  Real  is  on  the  left,  and  beyond  it  are  attractive  parklike 
fields  and  hills  with  scattered  oaks. 

On  the  left  as  the  train  enters  the  little  village  of  San  Miguel 
(me-gale')  is  the  old  mission,  built  in  1797,  of  adobe  brick,  with  its 

bell  in  front  and  remnants  of  the  inclosing  walls  on 
San  Miguel.  the  right.    San  Miguel  is  near  the  head  of  the  main 

Elevation  6i5  feet.  Salinas  Valley,  which  extends  northwestward  in  an 
LoT^Bte^miies.  a^1110^  straight  line  for  nearly  100  miles  to  Mon- 
terey Bay.  It  is  one  of  the  best  examples  of  the 
narrow  northwest-southeast  valleys,  owing  their  form  to  erosion 
controlled  by  geologic  structure,  that  are  characteristic  of  the  Coast 
Range  between  San  Francisco  and  Los  Angeles.  From  the  vicinity 
of  San  Miguel  the  northeast  slope  of  Salinas  Valley,  toward 
the  Gabilan  (ga-vee-lahn')  Range,  is  suggestive  of  a  great  plain 
gently  tilted  toward  the  observer  and  furrowed  by  streams  flowing 
straight  down  the  slope.    It  is  perhaps  a  tilted  block  of  the  earths 
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crust  with  a  fault  along  its  northeast  edge  and  probably  another 
along  its  southwest  edge,  under  the  valley.  The  surface  of  this 
slope  is  covered  with  the  Paso  Robles  formation,  through  which  the 
stronger  streams  have  cut  into  the  underlying  Santa  Margarita 
formation. 

The  Paso  Robles  formation  forms  the  near  hills  on  both  sides  of  the 
river  between  San  Miguel  and  Bradley.  Just  north  of  the  mouth 
of  Indian  Valley,  at  Chanslor  (205.5  miles  from  San  Francisco)  there 
is  an  excellent  example  of  one  of  the  landslides  which  frequently 
occur  in  the  soft  Paso  Robles  formation  when  it  has  been  under- 
mined by  stream  erosion. 

From  McKay  a  branch  railroad  runs  to  the  Stone  Canyon  coal 
mine  (24  miles),  now  worked  only  in  a  small  way  to  supply  local 
demand.  The  coal  of  Stone  Canyon  occurs  in  the  lower  part  of  the 
Vaqueros  sandstone  and  is  the  best  in  California.  In  places  the  bed 
is  16  feet  thick,  and  if  it  were  not  for  the  abundant  supply  of  oil  in 
the  State  the  coal  would  probably  again  be  mined  for  shipment. 

Near  the  mouth  of  Sierra  River  (on  the  left)  the  railroad  bears  to 
the  right  and  crosses  Salinas  River  on  a  steel  bridge  that  was  partly 
washed  away  in  1913.  Two  of  the  old  steel  spans  may  be  seen 
lying  in  the  river  to  the  left.  Very  little  water  flows  over  the  sandy 
river  bed  in  summer,  but  there  is  a  large  flow  beneath  the  surface. 

Bradley,  though  a  small  town,  is  the  center  of  a  considerable 
cattle  industry.    The  alluvial  flat  and  terrace  of  Salinas  River  in  this 

vicinity  are  shown  in  Plate  XXIX,  A.  Beginning 
Bradley.  about  2£  miles  northwest  of  Bradley  there  are  indi- 

Eicvfttkm  638 feet.       cations  of  a -line  of  disturbance,  apparently  a  great 

LaTSX^mitai.  fault>  alon8  the  west  side  of  Salinas  Valley.    A  little 

farther  on,  at  192.5  miles  from  San  Francisco,  the 
prominent  bluffs  on  the  right  (east)  are  of  the  Paso  Robles  formation 
and  the  hills  on  the  left,  across  the  river,  are  composed  largely  of  the 
Monterey  shale.  Inasmuch  as  the  Paso  Robles  normally  overlies  the 
Monterey,  their  occurrence  so  close  together  at  nearly  the  same  level 
suggests  that  there  is  an  extensive  fault  between  them,  along  the 
river.  That  a  large  fault  occurs  along  the  west  border  of  the  Salinas 
Valley  is  indicated  also  by  the  presence  of  a  line  of  springs  in  that 
region.  Many  of  these  springs  are  hot,  and  some  of  them,  as  at 
Paso  Robles  and  Paraiso  (pa-ra-ee'so,  Spanish  for  paradise),  have  been 
improved  as  health  resorts.  Along  this  fault  line  the  great  earth 
block  previously  referred  to  as  sloping  up  toward  the  crest  of  the 
Gabilan  Range  on  the  northeast  side  of  the  Salinas  Valley  must  have 
dropped  down,  bringing  the  Paso  Robles  gravels  into  juxtaposition 
with  the  lf  ^nterey  and  Santa  Margarita  (Miocene)  beds  and  pro- 
viding .6  structural  conditions  for  the  subsequent  erosion  of  the 
long,  straight  valley. 
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About  35  miles  almost  due  west  of  Bradley  is  the  Mansfield  mining 
district,  where  some  coarse  gold  has  been  recovered  from  stream 
beds.  The  gold  is  probably  derived  from  quartz  veins  in  igneous 
rocks  of  the  Franciscan  group.  Some  nuggets  weighing  several 
ounces  are  said  to  have  come  from  this  district.  Farther  southeast, 
toward  San  Luis,  a  number  of  deposits  of  quicksilver  and  chromite 
occur. 

The  village  of  San  Ardo  (see  sheet  5a,  p.  122)  is  surrounded  by  fl 
wheat  and  stock  country  which  includes  the  rolling  low  hills  alone 

the  river.  An  exposure  of  the  Santa  Margarita  forma* 
San  Ardo.  tion  begins  about  6  miles  south  of  San  Ardo  and 

Elevation  452  feet.       extends  in  a  northwesterly  direction  to  a  point  on 

L«An^^*miieB  ^e  we8*  e<*£e  °*  ^e  va^ey  immediately  opposite  San 

Ardo.  This  strip  of  Santa  Margarita  beds  consists 
of  white  sandstone  that  at  several  localities  contains  fossils.  The 
geologic  structure  immediately  west  of  San  Ardo  is  complex.  The 
hills  for  several  miles  back  from  the  river  on  the  west  side  are  com- 
posed  of  Monterey  shale. 

Three  miles  northwest  of  San  Ardo  the  Paso  Robles  gravels  on  tb 
east  side  of  the  valley  give  place  to  sandstones  of  the  Santa  Margarita 

formation,  which  occupy  an  area  of  many  squan 
San  Lucas.  miles  extending  in  a  northeasterly  direction  froil 

Election  Ms  fee*.      g^  Lucas.    Fossils,  including  numerous  sea  urchin 

Lot  Angeles  309  fnllflu,  '  ^° 

and  oysters,  occur  at  several  points  throughout  tb 
area.  The  Santa  Lucia  Range,  which  bounds  Salinas  Valley  on  tb 
southwest,  culminates  in  Santa  Lucia  Peak  and  Vaquero  Peak,  it 
the  region  west  of  San  Lucas.  The  upper  slopes  of  these  mountain 
consist  of  coarse  heavy-bedded  f ossiferous  Yaqueros  sandsto^ 
dipping  toward  the  valley.  This  sandstone,  toward  the  railroad, j 
overlain  by  the  upper  formation  of  the  Monterey  group.  Along  \ 
northeast  edge  of  Salinas  Valley  the  Monterey  in  turn  is  overlain 
the  Paso  Robles  formation,  which  either  rests  directly  on  the  Mon 
rey  or  at  some  places  on  intervening  beds  of  the  Santa  Margar 
formation. 

Extending  north  for  3  miles  and  west  for  4  or  5  miles  from  S 
Lucas  is  a  gravel  terrace  probably  deposited  by  the  river  at  an  earl 
stage  in  its  history. 

King  City  is  a  shipping  point  for  gypsum  obtained  from  the  1 
15  miles  to  the  north-northeast.    At  Elsa,  3  miles  farther  north, 

sugar-beet  industry  is  important,   and  on   the 
King  City.  may  be  seen  at  a  distance  one  of  the  large  sugar  fi 

Election  330  feet.       tories.    The  Paso  Robles  gravels  continue  to  occ 

i^j^^m^xks.  k°tlx  si(^e8  °*  tlie  Salinas  Valley  to  a  point  withi 

miles  of  Metz.     From  Chalone  Creek,  which  is  era 
at  Metz,  northward  the  main  Gabilan  Range  becomes  more  ru 
and  consists  chiefly  of  granite  with  some  schist  and  crystalline 
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stone.  This  part  of  the  range,  which  has  been  little  studied,  contains 
some  metalliferous  deposits,  especially  ores  of  quicksilver. 

At  milepost  147  the  railroad  leaves  Salinas  River  and  surmounts 
a  terrace  which  borders  the  river  for  some  miles.  The  deposits  form- 
ing  this  terrace  are  comparable  with  those  near  San  Lucas. 

Soledad  (so-lay-dahd',  Spanish  for  solitude)  is  built  on  a  fertile  plain 
which  forms  part  of  the  terrace  just  mentioned.     From  the  town  may 

be  had  fine  views  of  the  valley  and  bordering  moun- 
Saled**#  tains,  and  the  vicinity  affords  some  delightful  drives. 

Elevation  180  feet.      Across  the  river  are  the  ruins  of  the  mission  church 

i^A^m^xkB.  built  k  179L    A  8ta6e  Tvms  from  Soledad  southwest 

8  miles  to  Paraiso  Hot  Springs,  at  an  altitude  of  1,400 

feet  in  the  Santa  Lucia  Range.  About  14  miles  northeast  of  Soledad 
are  The  Pinnacles  (PI.  XXX,  p.  124),  picturesque  masses  that  have 
been  sculptured  by  erosion  from  some  rock  whose  character  and  geo- 
logic age  have  not  been  ascertained.  The  prominent  peaks  6  or  7 
miles  east  of  Soledad  are  the  Ghalone  Peaks,  which  are  composed  of 
marbles  and  other  crystalline  rocks  that  are  probably  older  than  any 
others  in  the  Coast  Range.  North  of  them  is  an  area  of  rocks  in  which 
copper  and  quicksilver  occur.  Flanking  these  peaks  and  extending 
northward  along  the  northeast  side  of  Salinas  Valley  are  some  hills 
of  moderate  height  composed  partly  of  sandstone. 

On  the  west  side  of  the  Salinas  Valley,  opposite  Soledad  and 
Camphora,  are  some  old  alluvial  fans  that  merge  with  the  terrace 
deposits  along  the  river.  Recent  erosion  has  cut  trenches  in  some  of 
these  fans,  but  as  a  rule  they  stand  out  as  nearly  perfect  examples  of 
this  type  of  stream  deposit. 

Along  this  part  of  Salinas  Valley  the  same  contact  observed  farther 
south  persists;  the  mountain  slope  on  the  northeast  is  comparatively 
gentle,  but  that  on  the  southwest  is  steep.  The  southwest  slope,  as 
previously  noted,  is  probably  a  fault  scarp  or  fault  cliff,  worn  back 
and  cut  into  by  erosion. 

Beyond  Gonzales  (gohn-sah'lace),  in  the  neighbor- 
Ganaalea'  hood   of  Chualar  (chu-a-lar'),  the  valley  gradually 

Elevation  126  feet.      widens  northwestward,  toward  Monterey  Bay.    Great 

Population  1,306.+  #     i#  i#     i  j  1  i    • 

Los  Angeles  340  miks.  quantities  of  alfalfa  hay  and  gram  are  produced  m 

this  vicinity.  The  terraces  found  all  along  the  Salinas 
Chualar.  Valley  from  Templeton  northward  are  here  well  devel- 

Ekrratkm  ioo  feet.       oped  and  grow  broader  toward  the  mouth  of  the 

Los  Angeles  846  miles.      F  ° 

river. 
Salinas.  The  town  of  Salinas  (Spanish  for  salt  pits)  is  the  cen- 

Eimtkm  4i  feet.  ter  of  a  large  beetrsugar  industry.  Besides  sugar  beets, 
Population  3,73e.        beans  are  extensively  grown  in  this  region,  especially 

Los  Angeles  367  miles.  ,  ^  •        «   i-  i         •  Ji 

near  the  coast.  Opposite  Salinas  the  river  flows  at 
the  extreme  west  edge  of  the  valley. 
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Del  Monte  Junction  lies  but  a  few  miles  from  the  mouth  of  Salinas 

River  and  Monterey  Bay.  A  branch  line,  over 
Del  Monte  Junction.  wi1ic}1  pasg  through  trains  to  and  from  San  Fran- 
Eievationwfeot.  cisco,  runs  southwest  from  this  junction   to  Del 

Los  Angelas  365  miles.         «-.  -#  _.      .„      _ 

Monte,  Monterey,  and  Pacific  Grove.1 
Some  terrace  deposits  may  be  seen  east  of  Del  Monte  Junction. 
They  extend  northward  to  the  edge  of  Pajaro  Valley,  the  surface 
apparently  rising  to  the  north.  The  railroad  traverses  a  lower  plain 
terrace  descending  from  16  feet  at  Del  Monte  Junction  to  2  feet  at 
Elkhorn  station,  beyond  which  it  turns  up  a  little  valley  cut  by  Elk- 
horn  Creek  in  the  marine  terrace  deposits.  After  crossing  Elkhorn 
Slough  and  bearing  to  the  left  between  some  low  hills,  the  railroad 
emerges,; at  about  milepost  101,  in  the  Pajaro  Valley  (pah'ha-ro, 
Spanish  for  bird). 


1  The  Hotel  Del  Monte,  in  grounds 
world-famous  for  their  beauty,  is  situated 
on  one  of  the  most  charming  and  inter- 
esting parts  of  the  whole  California  coast. 
Near  by  are  the  combinations  of  rocks, 
sea,  woodland,  and  hills  such  as  delight 
an  artist.  Old  buildings  and  associations 
appeal  to  the  student  of  early  California 
history.  There  are  ample  facilities  and 
opportunities  for  the  pursuit  of  sport  of 
many  kinds.  Finally,  the  region  is  of 
exceptional  geologic  interest  and  is  the 
type  locality  of  the  white  shale  of  the 
Monterey  group .  The  old  mission  church 
is  built  of  this  shale,  which,  although, 
soft  when  quarried,  hardens  on  exposure 
and  has  withstood  the  sea  air  without 
crumbling. 

Monterey,  although  visited  and  named 
by  the  Spaniards  in  1602,  was  not  per- 
manently settled  until  1770.  In  that 
year  Gaspar  de  Portola,  the  first  governor 
of  Alta  California,  arrived  by  land,  and 
Padre  Junipero  Serra,  of  the  Franciscans, 
a  few  days  later  by  sea.  Serra  founded 
at  Monterey  his  first  mission  in  Upper 
California.  The  church  building  (PI. 
XXIX,  B,  p.  119)  is  still  used.  The  mis- 
sion at  Carmel,  where  Serra  lived  and 
died ,  was  founded  the  next  year.  Commo- 
dore Sloat  landed  at  Monterey  July  7, 1846, 
and  took  possession  for  the  United  States. 
A  monument  to  him  and  one  to  Serra 


stand  in  the  Presidio.  Monterey  was  the 
first  capital  of  California,  and  in  Oolton 
Hall  the  first  constitutional  convention 
was  held  September  1,  1849.  An  associa- 
tion of  more  recent  date  that  will  endear 
the  place  to  many  is  that  here  for  a  time 
lived  Robert  Louis  Stevenson. 

Monterey  is  the  terminus  of  a  pipe  line 
from  the  Coalinga  oil  field,  in  the  San 
Joaquin  Valley,  and  from  12,000  to  15,000 
barrels  of  oil  is  pumped  through  this  line 
daily. 

Soundings  by  the  United  States  Coast 
and  Geodetic  Survey  have  shown  that  a 
deep  depression  extends  across  the  bot- 
tom of  the  comparatively  shallow  Monte- 
rey Bay  out  to  the  steep  submarine  slope 
that  marks  the  real  boundary  between 
continent  and  ocean.  Some  geologists 
have  interpreted  this  depression  as  a  val- 
ley of  erosion  cut  by  Salinas  River  when 
the  land  stood  higher  than  at  present  and 
when  the  bottom  of  the  bay  was  dry  land. 
Prof.  A.  C.  Lawson,  however,  has  main- 
tained that  a  similar  submarine  valley,  in 
Carmel  Bay  south  of  Monterey,  which  is 
not  quite  in  line  with  the  present  valley 
of  Carmel  River,  is  probably  a  structural 
sag  or  syncline  and  not  an  erosion  valley 
at  all.  He  can  find  no  evidence  of  recent 
uplift  of  this  part  of  the  coast  sufficient  to 
have  enabled  the  river  to  cut  a  valley 
across  what  is  now  the  bottom  of  the  bay. 
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From  Watsonville  Junction  (see  sheet  6a,  p.  130)  a  branch  line  turns 
to  the  left  (west)  and  makes  a  detour  through  Santa  Cruz  and  other 

points,  rejoining  the  main  line  to  the  north  at  San 

WmtoonTffle  Junction.  jQ&e     p^^^  may  take  ^fe  ro|lte  to  San  j^. 

i^uSl^mntoa.       c^sco  ^ut  W^  h»vo  to  change  cars.     The  Santa 

Cruz  route  affords  an  opportunity  to  see  a  fine 
group  of  "big  trees"  (PI.  XXXI,  p.  125),  the  coast  redwood  (Sequoia 
sempervirens),  which,  although  smaller  than  Sequoia  gigantea  of  the 
Sierra  Nevada,  are  still  gigantic,  the  largest  measuring  70  feet  in 
circumference.  This  route,  crossing  the  Santa  Cruz  Mountains  at  an 
altitude  of  more  than  1,000  feet,  passes  through  beautiful  country. 
The  geology  is  complicated,  old  crystalline  rocks  and  later  rocks  of 
Jurassic  (?),  Cretaceous,  and  Tertiary  age  being  much  folded  and 
faulted.  The  great  rift  or  crack  (San  Andreas  fault)  along  which 
occurred  the  earthquake  of  1906  is  crossed  by  this  route  west  of  Alma. 

North  of  WatsonviHe  Junction  the  main  Coast  Line  crosses  a  rich 
apple  country,  in  which  the  orchards  reach  part  way  up  the  slopes  of 
the  bordering  hills. 

The  hills  to  the  right  and  left,  gradually  approaching  as  the  valley 
narrows,  are  composed  of  Tertiary  strata,  with  a  narrow  belt  of  Qua- 
ternary deposits  along  Pajaro  River.  Just  beyond 
Aromas.  Aromas  the  train  enters  Pajaro  Gap.    Here  a  small 

Las  Angela  38i  mii«.  fault,  cutting  across  the  range,  has  weakened  the 

Elevation  98  feet.  . 

rocks  and  thereby  enabled  the  river  to  wear  its  way 
through.  On  the  left  is  the  river,  and  on  the  right  are  bluffs  of 
crumpled  and  crushed  rocks,  largely  diorite  (an  igneous  rock  resem- 
bling granite,  but  containing  little  or  no  quartz),  which  are  artifi- 
cially further  reduced  by  rock  crushers  for  railroad  ballast. 

The  country  opens  abruptly  as  the  train  crosses  the  bridge  over  the 
Pajaro  near  Chittenden,  and  the  diorite  of  the  gorge  gives  place  to 

the  Tertiary  sediments  of  the  Chittenden^Sargent  oil 
Chittenden.  fte\^    i^  change  is  due  to  the  fact  that  the  Ter- 

Eievation  123  feet.       tiary  beds  are  much  softer  than  the  diorite  and  have 

Los  Angeles  383  miles.  .  TT  .  _,  ._-  #     ■■        n 

been  eroded  out  into  a  valley.  Traces  of  the  San 
Andreas  fault,  a  slight  recurrence  of  movement  along  which  pro- 
duced the  earthquake  of  1906,  are  here  visible  for  the  first  time  to  the 
traveler  from  Los  Angeles  to  San  Francisco  over  the  Coast  Line, 
although  the  crack  continues  into  southern  California  to  the  east  of 
Los  Angeles.  The  hillsides  to  the  northwest  (left)  are  scarred  by  the 
earthquake  rift,  and  one-third  of  a  mile  beyond  Chittenden,  around 
a  curve,  on  the  left  near  the  track,  is  a  knoll  blackened  by  the  oil  from 
a  storage  tank  that  was  wrecked  by  the  earthquake. 

The  Sargent  oil  field  produces  approximately  40,000  barrels  a  year, 
and  some  of  the  oil  is  shipped  from  Chittenden.     The  oil-bearing 
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rocks — shales,  sandstones,  and  conglomerates  of  the  lower  part  of  the 
Monterey  group — cover  a  wide  area.  They  are  bent  into  anticlines 
and  synclines  and  are  covered  by  younger  shales  of  the  Monterey 
group  and  in  part  also  by  younger  Miocene  and  Pliocene  sediments. 
The  rocks  of  the  lower  slopes  near  which  the  train  passes  just  beyond 
Chittenden,  on  the  right,  are  Pliocene  (Merced  formation).  About 
2J  miles  from  Chittenden,  near  milepost  88,  San  Benito  River  and 
Llagas  Creek  join  to  form  Pajaro  River.  The  railroad  turns  to  the 
left  up  Llagas  Creek  to  Sargent. 

West  of  Sargent,  beyond  the  oil  field,  the  Franciscan  rocks  form  the 
higher  portions  of  the  range.     Beyond  Sargent  the  railroad  soon  passes 

out  of  the  low  hills  into  the  southern  portion  of  the 
Sargent  broad  Santa  Clara  Valley.    This  portion,  a  great 

Elevation  134  feet.       alfalfa  and  stock  country  irrigated  by  electric  pumps, 

is  drained  by  Pajaro  River  to  the  Bay  of  Monterey. 
Across  the  valley  in  the  distance  can  be  seen  Pacheco  (pa-chay'co), 
Antimony,  St.  Anna,  Mariposa  (the  highest),  and  other  peaks  of  the 
Mount  Hamilton  division  of  the  Diablo  Range,  which  separates  the 
Santa  Clara  Valley  from  the  San  Joaquin  Valley. 

The  Santa  Clara  Valley  extends  from  San  Francisco  Bay  southeast- 
ward to  and  beyond  San  Benito,  a  distance  of  nearly  100  miles.  It 
has  a  notable  peculiarity  in  that  it  is  divided  transversely  by  a  scarcely 
noticeable  soil-covered  divide.  The  southern  portion  is  drained  by 
Pajaro  River,  but  the  northern  portion  drains  through  Coyote  River 
directly  into  San  Francisco  Bay,  and  the  alluvial  plain  is  continuous 
across  the  divide. 

From  Carnadero  (car-na-day'ro)  Junction,  4  miles  beyond  Sargent, 
a  branch  line  runs  southeast  to  Hollister,  in  San  Benito  Valley,  where 
it  is  said  there  is  "silver  in  eggs"  and  "gold  in  apples."  From  the 
junction  the  main  line  continues  northward  through  the  Santa  Clara 
Valley  to  San  Francisco  Bay,  passing  through  one  of  the  most  pro- 
ductive fruitgrowing  regions  in  the  world. 

The  town  of  Gilroy  is  the  point  of  departure  for  the  Gilroy  Hot 
Springs,  which  lie  13  miles  to  the  northeast.     Oaks  appear  about 

Gilroy,  and  alfalfa  begins  to  give  way  to  grain  and 
Gilroy.  especially  to  fruits.    Grapes,  prunes,  peaches,  and 

Elevation  180  feet.      apricots  are  grown  in  large  quantities.    The  moun- 

L^A^fl^mike.  tains  on  the  right  ar©  markedly  different  in  aspect 

from  those  on  the  left,  although  both  are  com- 
posed, at  least  in  part,  of  rocks  belonging  to  the  Franciscan  group, 
partly  covered  by  Tertiary  sediments.  The  mountains  on  the  right 
have  a  nearly  even  crest  line  (PI.  XXXII,  p.  126).  Along  their 
base,  beyond  the  orchards,  is  a  much  lower  even-crested  ridge. 
Between  this  ridge  and  the  mountains  is  Coyote  River,  which  flows 
northwestward  to  San  Francisco  Bay.     The  valley  in  the  foreground 
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is  drained  to  the  southeast  by  Llagas  Creek  to  Pajaro  River  and 
Monterey  Bay. 

At  Madrone  the  valley  narrows.  The  rocky  slopes  on  the  left  are 
near  the  railroad  and  several  little  outs  expose  serpentine,  which  is  a 

characteristic  accompaniment  to  the  Franciscan 
Madrone.  group.     The  summit  of  the  transverse  divide  (ele- 

Eieratkm  343  feet.       vation  345  feet)  is  reached  near  Perry,  about  2  miles 

Los  Aoceles  405  niiles.   .  <■   ~« «■     i  i  i  i  1     •         i 

beyond  Madrone,  but  there  is  no  break  m  the  con- 
tinuity of  the  alluvial  plain,  and  the  traveler  will  probably  not  notice, 
unless  his  attention  is  called  to  it,  that  he  is  passing  from  the  drainage 
basin  of  Pajaro  River  to  that  of  Coyote  River.  The  Coyote  enters 
Santa  Clara  Valley  from  the  mountains  on  the  right  (east). 

It  has  been  suggested  that  all  the  drainage  that  now  finds  its  way 
into  San  Francisco  Bay  and  thence  to  the  ocean  by  way  of  the  Golden 
Gate,  once  flowed  southward  through  Santa  Clara  Valley  to  Monterey 
Bay.  Those  who  maintain  this  view  think  that  the  submarine  chan- 
nel across  Monterey  Bay  was  cut  by  the  more  powerful  stream  that 
then  flowed  through  Pajaro  Valley.  A  striking  resemblance  that  has 
been  noted  between  the  strictly  fresh-water  fishes  and  other  forms  of 
life  inhabiting  Sacramento  and  Pajaro  rivers  tends  to  confirm  the 
conjecture  that  the  two  streams  were  formerly  one.  Later  investiga- 
tions by  Dr.  J.  C.  Branner,  however,  have  suggested  a  different  inter- 
pretation of  this  evidence. 

A  study  of  the  material  of  the  divide  shows  that  it  has  the  low 
conical  form  of  an  alluvial  fan — that  is,  a  deposit  made  by  a  stream 
where  it  issues  from  a  canyon  upon  a  plain.  At  such  a  place  the  veloc- 
ity of  the  stream  generally  becomes  less,  and  the  water  is  compelled 
to  drop  much  of  the  sand  and  gravel  that  it  swept  along  with  ease 
in  the  mountains.  This  particular  deposit  was  made  by  Coyote  River 
during  a  period  (probably  glacial)  when  the  land  stood  at  a  higher 
level  than  now  and  the  creek  carried  a  large  load  of  detritus.  As  the 
alluvial  fan  grew  Coyote  River  shifted  its  position  from  time  to  time 
to  lower  parts  of  the  conical  slope,  and  thus  flowed  sometimes  to  San 
Francisco  Bay  and  sometimes  to  Monterey  Bay.  In  this  way  oppor- 
tunity may  have  been  given  for  fishes  and  other  living  things  to  pass 
over  the  divide  by  way  of  Coyote  River.  If  this  happened,  it  would 
of  course  not  be  necessary  to  account  for  the  similar  faunas  of  Sac- 
ramento and  Pajaro  rivers  by  supposing  the  streams  to  have  been  at 
one  time  directly  united. 

Six  miles  southwest  of  Coyote,  in  the  hills  composed  of  rocks 

belonging  to  the  Franciscan  group,  is  the  New 
Coyote.  Almaden  quicksilver  mine,  which  has  yielded  more 

Elevation  248  feet.  quicksilver  than  any  other  mine  in  the  United  States. 
Kt**      At  milepost  59  on  the  right  may  be  had  the  first 

view  01  Lick  Observatory,  on  Mount  Hamilton. 
The  observatory  may  be  visited  from  San  Jose. 
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Just  north  of  Coyote  is  the  narrowest  part  of  the  valley.  Ser- 
pentine occurs  here  on  the  left  but  is  on  the  right  at  Edenvale,  where 
the  valley  widens  and  a  belt  of  Tertiary  rocks  forms  foothills  to 
mountains  that  are  composed  chiefly  of  Franciscan  rocks. 

At  San  Jose  (ho-say')>  which  is  by  far  the  largest  city  in  the  Santa 
Clara  Valley,  the  branch  line  running  through  Santa  Cruz  joins  the 

main  Coast  Line.  The  New  Almaden  mine  may  be 
San  Joee.  reached  by  a  spin*  from  this  branch.     Other  railroad 

Elevation  85  feet.  lines  run  from  San  Jose  east  of  San  Francisco  Bay 
LoTjinge^M^dies.  to  Oakland  and  have  connections  across  the  Diablo 

Range,  through  Livermore  Valley,  with  the  several 
lines  in  San  Joaquin  Valley. 

The  city  is  built  on  the  fertile  plain  between  Guadalupe  and 
Coyote  rivers,  1 1  miles  southeast  of  the  head  of  San  Francisco  Bay. 
Its  delightful  climate,  beauty  of  surroundings,  fertility  of  soil,  and 
consequent  profusion  of  flowers  and  fruits  make  San  Jose  a  favored 
spot  even  in  California. 

From  San  Jose  automobile  stages  run  to  Mount  Hamilton  (26 
miles).  All  the  sedimentary  rocks  seen  on  this  trip  belong  to  the 
Franciscan  group.  Some  beautiful  drives  may  be  enjoyed  in  the 
suburbs  and  in  the  country  around  the  town.  During  the  rose 
season  the  drive  along  Alameda  Avenue  from  San  Jose  to  Santa 
Clara,  about  3  miles,  is  particularly  recommended.  This  trip  may 
also  be  made  by  trolley  car. 

At  College  Park,  on  the  left  as  the  train  leaves  San  Jose,  is  Pacific 
College.  Well-kept  orchards  of  prunes,  apricots,  peaches,  pears, 
and  cherries,  as  well  as  vineyards,  lie  on  both  sides  of  the  railroad 
throughout  this  part  of  the  valley.  Acres  of  sun-drying  prunes 
are  a  common  sight  in  August. 

Santa  Clara  College,  the  white  building  of  which  may  be  seen  on 
the  left  near  the  center  of  the  town  of  Santa  Clara,  was  founded  in 

1851  by  the  Jesuits.  The  chapel  is  one  of  the  old 
Santa  Clara.  mission  buildings  erected  in  1777  and  is  well  pre- 

Eievationeofeet.  served.  Several  large  canneries  may  be  seen  along 
Lo?An^4^mUe6.  ^e  railroad  and  are  kept  busy  for  most  of  the  year 

by  the  wide  range  of  fruit  and  vegetable  products 
which  the  Santa  Clara  Valley  affords.  Two  miles  beyond  Santa 
Clara  on  the  right,  barely  visible  in  the  distance  across  the  broad 
fields  of  barley  hay  and  between  groves  of  oak  and  eucalyptus,  is 
the  Agnew  Asylum  for  the  Insane,  a  State  institution. 

The  Santa  Clara  Valley  widens  northward  and  the  fertile  bottom 
land  grades  near  the  south  end  of  the  Bay  of  San  Francisco  into 
extensive  salt  marshes.  The  railroad  bears  to  the  west  from  Santa 
Clara,  toward  the  mountains  which  form  the  backbone  of  the  penin- 
sula of  San  Francisco. 
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Although  fields  of  hay  with  scattered  oaks  predominate  near 
Sunnyvale,  there  are  large  tracts  devoted  to  orchards  and  market 

gardens.  The  climate  and  soil  of  the  lower  Santa 
Sunnyvale.  Clara  Valley  between  San  Jose  and  Sunnyvale,  like 

EkrvatJon 98 feet.        that  of  Lompoc  Valley  (p.  Ill),  are  such  that  seeds 
LoAn^^miies.  mature  well,  and  there  are  several  large  seed  farms 

near  Sunnyvale  and  Santa  Clara. 
Near  Mountain  View  the  railroad  runs  nearer  to  the  foothills  of 
the  Santa  Cruz  Range.     The  lowest  hills  are  composed  of  sandstone 

belonging  to  the  lower  part  of  the  Monterey  group. 
Mountain  View.  Black  Mountain  (elevation  2,787  feet),  the  culminat- 
Eievation  76  feet.        ing  point  of  Monte  Bello  Ridge,  is  the  most  prominent 

LoajSgete^mitaB.  Pea^  °*  *^8  P*1^  °'  ^e  range-     Just  behind  it  lies 

the  San  Andreas  fault  or  rift.     (See  pp.  89-90.)     The 

upper  slopes  of  Black  Mountain  are  mainly  sandstone  with  some 

lenticular  masses  of  limestone,  several  thousand  tons  of  which  are 

crushed  annually  and  shipped  to  beet-sugar  factories.     Some  of  the 

best  red  wine  made  in  California  is  produced  near  Mountain  View. 

From  Castro,  about  a  mile  beyond  Mountain  View,  is  visible  on 
the  right  the  Dumbarton  Bridge  on  the  railroad  freight  route  from 
Oakland  to  San  Francisco. 

At  milepost  33  on  the  left,  ahead  and  more  than  a  mile  away,  may 
be  seen  among  the  trees  the  red- tiled  roofs  of  the  Stanford  University 

buildings.  The  entrance  to  the  university  grounds 
Palo  Alto.  is  on  the  left,  near  the  Palo  Alto  station,  and  the  uni- 

Eieration  58  feet.        versity  buildings,  a  mile  away,  hidden  from  the  station 

LwAnilete^mikB.  ^y  **&&>  may  be  reached  by  a  trolley  line.     Leland 

Stanford  Junior  University,  founded  by  Senator  and 
Mrs.  Stanford  and  opened  in  1891,  has  nearly  2,000  students,  both 
men  and  women.  The  medical  department  is  in  San  Francisco  and 
the  marine  biological  laboratory  at  Pacific  Grove.  The  buildings 
of  the  other  departments  are  on  the  Stanford  University  tract, 
which  embraces  8,400  acres.  The  buildings  (see  PI.  XXXIII,  A), 
designed  originally  by  H.  H.  Richardson,  take  their  architectural 
motif  from  the  cloisters  of  the  San  Antonio  mission,  and  the  combina- 
tion of  buff  sandstone  with  red  tiled  roofs  gives  striking  color  effects. 
The  buff  sandstone  came  from  the  quarries  at  Grays  tone,  about  10 
miles  south  of  San  Jose,  and  is  of  early  Miocene  (Monterey)  age. 
The  San  Andreas  fault,  the  line  of  the  San  Francisco  earthquake, 
lies  4  miles  southwest  of  Stanford  University  and  is  easily  reached 
from  that  point.  The  university  suffered  much  from  the  earthquake 
but  has  completely  recovered. 

The  accompanying  cross  section  from  Palo  Alto  to  the  summit  of 
Santa  Cruz  Mountains  (fig.  15,  p.  128)  shows  the  general  geologic 
structure  of  the  region. 
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By  looking  ahead  from  the  Palo  Alto  station  the  traveler  may  see  on 

the  right  of  the  track  the  tall  tree  (Spanish,  palo  alto)  for  which 

j  ^  Senator  Stanford's  estate  was   named.     It  is 

z                 ~^  the  only  redwood  (Sequoia  sempervirens)  near 

I  jj  the  main  line  of  the  railroad.    It  stands  on  the 

3 1  bank  of   San  Francisquito    Creek,    and  the 

I  a  Southern  Pacific  Co.  has  built  a  wall  of  con- 

I I  crete  to  protect  it  from  floods. 

1 1  In  Menlo  Park,  a  village  of  beautiful  parks 

•  |  and  grounds,  reside  many  well-to-do  business 

1 1  and  professional  men  who  pass  their  working 

'                 |^.  days  in  San    Francisco.    On 

j                  ~  £  Menlo  Park.          tne  right,  near  the  bay  beyond 

I  R  popuktionwo.  Menlo  Park,  is  a  large  tannery, 
Z 1  and  far  out  in  the  marsh  a  sta- 
%  ~  tion  for  drying  Alaskan  codfish. 

I I  The  town  of  Redwood  was  formerly  the  ceo- 
^|  ter  of  the  redwood  lumber  industry  of  the 
a  J  Santa  Cruz  Range,  then  completely  forested. 
§  *.  Most  of  the  redwood  trees  are 
Si-  Redwood.  gone,  but  a  few  of  them  can 
jfgp  Eistotion  7  f»t.         be   seen    scattered   along    the 

III  SSSSm.  crart  of  the  distant  nuige.  Th. 
£  £-  a  trees    in   view,    however,    are 

largely  a  second  growth.    On  the  left,  near  Red- 
wood, is  a  factory  where  magnesite  is  ground. 
Between  Redwood  and  San  Carlos  there  is  a 

111  good  view  to  the  left  (west)    of   an  even- 

£  £  |  crested  ridge  well  clothed  with  forest.    This  is 

£  "  u  Cahill  Ridge.     Between  it  and   the  rounded 

|  h-j  oak-strewn  foothills  that  lie  nearer  to  the  rail- 

1                          all  TOftd  ■*  *ne  narrowi  rectilinear  valley  of  the 

Se                  r  |b|  San  Andreas  rift.     Two  lakes,  San  Andreas 

%*                  .  s  I  *  and  Crystal  Springs,  have  been  formed  in  this 

3 !  1 1  Pftrt  °'   tne  va^°y  °y  damming  and  supply 

a  g  J  much  of  the  water  used  in  San  Francisco. 

^C|  Just  beyond  San  Carlos,  on  the  left  (west), 

:  £  a  "-  '3  an  lTon  standpipe  forming  part  of  the  water- 

|„-*  supply  system  of   San   Francisco,  and  below 

1!                       _  h-  |  it,  near  the  railroad,  is  one  of 

■  3                     si  S*n C*rl0"'           the    pumping    stations.    Here 

S                       j  1 1  Elevation  2s  twt.        the  oak-crowned  hills  composed 

i                     _-J  "*          "of  sandstones  and  other  rocks 

j                   g  o>  I  of    the   Franciscan  group  come  close  to   the 

*                   ".  bay  and  leave  only  a  narrow  belt  of  alluvium 

tween  the  foothills  and  the  salt  marshes. 
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Soon  after  leaving  Belmont  the  train  passes  through  a  shallow  cut 
in  sandstones  and  cherts  of  the  Franciscan  group.     The  chert  is 

quarried  for  use  on  roads.  Half  a  mile  beyond  Bel- 
Belmont.  mont  there  is  an  extensive  view  to  the  right  across 

Elfl,ra!Sd^)feet*  Iks      ^e  mftrs^ies  an(i  bay  to  the  white  salt  fields  of  the 

Union  Salt  Works,  where  salt  is  obtained  by  solar 

evaporation  of  water  from  the  bay.    Along  this  portion  of  the  salt 

marsh  bordering  the  bay  fresh  water  is  obtained  from  wells  of  various 

depths  up  to  400  feet.    This  water  evidently  lies  below  the  salt 

water.  Generally  the  fresh  water  can  be  obtained 
post  office).        from  these  wells  only  by  pumping,  but  at  high  tide, 

Los  Angeles  450  miles.     w^en  the  A**8  ***  co vered  by  salt  water,  which  is 

heavier  than  fresh,  the  hydrostatic  pressure  of  the 

salt  water  on  the  deeper  fresh  water  makes  some  of  the  wells  overflow. 
At  Leslie  there  are  artificial  ponds  (vats)  in  which  the  water  of  the 

bay  is  evaporated  for  salt.     In  the  mill  close  by  the  salt  is  refined  and 

prepared  for  market  at  the  rate  of  about  8  carloads 
Leslie 

a  day.     The  bay  water  contains  only  about  half  as 

Los  Angeles  451  miles.  mucj1  san  ^  an  eqUai  volume  of  ocean  water,  but 
there  are  so  many  more  bright  days  in  this  locality  than  there  are 
along  the  coast  that  it  is  more  profitable  to  use  the  weaker  brine. 

San  Mateo  (ma-tay'o)  is  a  pretty  town  noted  for  its  beautiful  live 
oaks  and  handsome  suburban  residences.     Here  the  road  crosses 

San  Mateo  Creek,  which,  at  the  point  where  it  issues 
San  Mateo.  from  the  San  Andreas  rift  valley,  about  3£  miles 

Elevation  19  feet.  southwest  of  San  Mateo,  has  been  dammed  by  a  high 

Los  Angeles  462  miles,     concrete  structure  that  holds  back  the  waters  of 

Crystal  Springs  Lake. 

A  daily  stage  plies  between  San  Mateo  and  Pescadero  (pes-ca- 
day'ro,  Spanish  for  fishmonger),  near  Pebble  Beach  on  the  coast,  a 
distance  of  33  miles.  This  stage  ascends  the  valley  of  San  Mateo 
Creek  and  crosses  Crystal  Springs  Lake  on  a  dividing  dam,  made  of 
earth,  which  was  cut  and  displaced  by  the  movement  along  the  fault 
at  the  time  of  the  San  Francisco  earthquake  but  was  soon  repaired. 
The  road  to  Pescadero  passes  near  the  interesting  old  village  of  Span- 
ishtown  and  reaches  the  coast  at  Pebble  Beach,  noted  for  its  agate 
pebbles.  The  trip  from  Pescadero  to  San  Mateo  may  be  conveniently 
taken  in  connection  with  one  from  San  Francisco  to  Pescadero  by 
the  Ocean  Shore  Railroad. 

At  Burlingame  (pronounced  locally  bling'um),  a  place  of  residence 

in  favor  with  people  of  wealth  and  leisure,  there  is 
Burlingame.  a  country  club,  with  golf  links  and  polo  grounds. 

Elevation  26 feet.  (See  sheet  13,  p.  90.)     In  this  vicinity,  as  elsewhere 

LoT^eies^M  miles,     in  California  south  of  San  Francisco,  there  are  three 

trees  which  figure  characteristically  in  the  land- 
scape— the  Australian  eucalyptus,  the  Peruvian  pepper  tree,  and  the 
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sturdy  native  oak.  The  eucalyptus,  a  tall,  slim  tree  that  is 
rather  untidy  about  its  bark,  grows  rapidly  and  is  much  used  not 
only  along  the  roadsides  but  as  windbreaks.  The  pepper  tree,  which 
has  pendant  plumose  foliage,  is  highly  ornamental  and  is  largely  used 
in  cities  as  a  street  tree  and  in  parks  and  gardens.  But  of  all  the 
trees  that  adorn  the  fertile  bottom  lands  of  the  great  interior  valleys 
the  native  valley  oak  (Quercus  lobata)  is  by  far  the  most  important. 
The  large  hay  ranch  on  the  left  (west)  near  Millbrae  belongs  to  the 
estate  of  the  late  D.  O.  Mills,  a  well-known  capitalist  and  philanthro- 
pist. On  the  right  in  the  bay  are  the  oyster  beds  of 
Millbrae.  the  j£organ  Oyster  Co.     The  native  oyster  is  small 

lma^Sw  457 'miles  an(^  °*  coPP€I7  flavor,  and  although  esteemed  by  epi- 
cures for  oyster  cocktails  is  generally  inferior  to  the 
eastern  oyster.  Attempts  to  establish  colonies  of  eastern  oysters  on 
the  Pacific  coast  have  been  unsuccessful.  The  young  oysters,  or 
spat,  however,  are  brought  from  the  Atlantic  seaboard  and  are 
matured  on  the  western  coast. 

Ahead  is  San  Bruno  Mountain,  beyond  which  lies  San  Francisco. 
On  the  left  are  some  parallel  ridges  running  northwest.  The  nearest 
is  Buriburi  Ridge  (elevation  700  feet),  composed  of  sandstones  and 
shales  of  the  Merced  formation  (Pliocene),  underlain  by  Franciscan 
sandstones  and  igneous  rocks,  which  form  the  mass  of  the  ridge. 
Beyond  is  Sawyer  Ridge  (1,100  feet),  consisting  of  Franciscan  rocks. 
In  the  valley  between  them,  1}  miles  southwest  of  Millbrae,  is  San 
Andreas  Lake. 

At  San  Bruno  the  railroad  branches.  The  main  line  (a  cut-off), 
built  only  a  few  years  ago  and  now  used  for  the  through  traffic,  bears 

to  the  right  along  the  bay  shore  around  the  east  end 

nak0m  of  San  Bruno  Mountain  and  through  five  tunnels 

^r^eiwi^mite.  reaches  the  station  at  Third  and  Townsend  streets 

in  San  Francisco.  The  old  line  bears  to  the  left  up 
Merced  Valley  and  around  the  west  end  of  San  Bruno  Mountain  and 
by  a  heavier  grade  and  greater  distance  reaches  the  same  station. 

The  San  Francisco  Peninsula,  at  whose  northern  extremity  is  the 
city  of  San  Francisco,  is  divided  into  two  parts  by  the  northwestward- 
trending  Merced  Valley.  Each  of  these  parts  is  a  block  of  the  earth's 
crust  with  a  fault  along  its  southwest  side,  upheaved  along  that  side  so 
that  it  has  a  gentle  slope  to  the  northeast.  Both  fault  blocks  have 
been  much  carved  and  worn  by  erosion  so  that  their  original  blocklike 
character  has  been  in  great  part  lost.  Both  are  composed  of  pre-Ter- 
tiary  rocks,  and  the  valley  between  them  is  filled  with  the  Merced 
formation  (Pliocene),  covered  for  the  most  part  by  alluvium.  The 
fault  which  limits  the  San  Bruno  fault  block  on  the  southwest  is  con- 
cealed by  the  alluvium.  North  of  San  Bruno  Mountain,  between 
it  and  the  Golden  Gate,  is  an  irregular  group  of  hills  composed  of 
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Franciscan  rocks  and  dune  sand.    On  and  between  these  hills  is  the 
city  of  San  Francisco. 

South  San  Francisco  is  a  manufacturing  town,  whose  chief  industry 
is  the  refrigeration  and  preparation  of  meats.    Here  also  there  are 

steel,  glazing  and  terra-cotta,  brick,  paint,  pipe, 
Sooth  San  Francisco,  and  ice  works. 

Elevation  a  f«*-^  The  five  tunnels  between  South  San  Francisco 

and  San  Francisco  are  from  1,088  to  3,547  feet  in 
length.  All  are  in  rocks  of  the  Franciscan  group.  The  first,  through 
Sierra  Point,  is  in  sandstone,  of  which  there  is  a  fine  exposure  in  an 
open  cut  beyond  the  tunnel.  The  second,  the  longest  tunnel,  pene- 
trates a  complex  ridge  of  sandstone,  radiolarian  chert,  and  diabase. 
The  large  railroad  traffic  near  San  Francisco  is  indicated  by  the  great 
freight  yards  in  Visitation  Valley,  between  the  second  and  third 
tunnels.  As  the  train  emerges  from  the  third  tunnel,  which  is  in 
sandstone,  Hunter  Point  appears  ahead.  Beyond  Hunter  Point,  on 
the  left  (west),  across  the  salt  marsh  of  Islais  (ees-lah'ees)  Creek,  is 
the  city  garbage  incinerator.  The  last  two  tunnels  are  in  serpentine. 
Near  the  new  terminal  station  a  sugar  refinery  and  the  Union  Iron 
Works,  where  the  famous  battleship  Oregon  and  many  other  warships 
have  been  built,  are  to  be  seen  on  the  right. 

A  short  description  of  San  Francisco  is  given  on  pages  86-87. 
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Alluvial  fan-  The  outspread  sloping  deposit  of  bowlders,  gravel,  and  sand  left  by  a 
stream  where  it  passes  from  a  gorge  out  upon  a  plain. 

Andesite.  A  lava  of  widespread  occurrence,  usually  of  dark-gray  color  and  inter- 
mediate in  chemical  composition  between  rhyolite  and  basalt. . 

Anticline.  An  arch  of  bedded  or  layered  rock  suggestive  in  form  of  an  overturned 
canoe.    (See  fig.  3,  p.  18.)    (See  also  Dome  and  Syncline.) 

Badlands.  A  region  nearly  devoid  of  vegetation  where  erosion,  instead  of  carving 
hills  and  valleys  of  the  familiar  type,  has  cut  the  land  into  an  intricate  maze  of 
narrow  ravines  and  sharp  crests  and  pinnacles.  Travel  across  such  a  region  is 
almost  impossible;  hence  the  name. 

Basalt.  A  common  lava  of  dark  color  and  of  great  fluidity  when  molten.  Basalt  is 
less  siliceous  than  granite  and  rhyolite,  and  contains  much  more  iron,  calcium, 
and  magnesium. 

Bolson  (pronounced  bowl-sown').  A  flat-floored  desert  valley  that  drains  to  a  central 
evaporation  pan  or  playa. 

Bomb.    See  Volcanic  bomb. 

Breccia  (pronounced  bretch'a).  A  mass  of  naturally  cemented  angular  rock  frag- 
ments. 

Crystalline  rock.  A  rock  composed  of  closely  fitting  mineral  crystals  that  have 
formed  in  the  rock  substance  as  contrasted  with  one  made  up  of  cemented  grains 
of  sand  or  other  material  or  with  a  volcanic  glass. 

Diabase.  A  heavy,  dark  intrusive  rock  having  the  same  composition  as  basalt,  but, 
on  account  of  its  slower  cooling,  a  more  crystalline  texture.  Its  principal  con- 
stituent minerals  are  feldspar,  augite,  and  usually  olivine.  Olivine  is  easily 
changed  by  weathering,  and  in  many  diabases  is  no  longer  recognizable.  Augite 
is  a  mineral  containing  iron  and  magnesium  and  is  similar  to  hornblende. 

Dike.  A  mass  of  igneous  rock  that  has  solidified  in  a  wide  fissure  or  crack  in  the 
earth's  crust. 

Diorite.  An  even-grained  intrusive  igneous  rock  consisting  chiefly  of  the  minerals 
feldspar,  hornblende,  and  very  commonly  black  mica.  If  the  rock  contains 
much  quartz,  it  is  called  quartz  diorite.  Quartz  diorite  resembles  granite  and  is 
connected  with  that  rock  by  many  intermediate  varieties,  including  monzonite. 
The  feldspar  in  diorite  differs  from  that  in  granite  in  containing  calcium  and 
sodium  instead  of  potassium.  Hornblende  is  a  green  or  black  mineral  containing 
iron,  magnesium,  calcium,  and  other  constituents. 

Dip.  The  slope  of  a  rock  layer  expressed  by  the  angle  which  the  top  or  bottom  of 
the  layer  makes  with  a  horizontal  plane.    (See  fig.  9,  p.  51.)    (See  also  Strike.) 

Dissected.  Cut  by  erosion  into  hills  and  valleyB.  Applicable  especially  to  plains 
or  peneplains  in  process  of  erosion  after  an  uplift. 

Dome.  As  applied  to  rock  layers  or  beds,  a  short  anticline,  suggestive  of  an  inverted 
basin. 

Drift.  The  rock  fragments— soil,  gravel,  and  silt — carried  by  a  glacier.  Drift  in- 
cludes the  unassorted  material  known  as  till  and  deposits  made  by  streams  flow- 
ing from  a  glacier. 

Erosion.  The  wearing  away  of  materials  at  the  earth's  surface  by  the  mechanical 
action  of  running  water,  waves,  moving  ice,  or  winds,  which  use  rock  fragments 
and  grains  as  their  tools  or  abrasives.  Erosion  is  aided  by  weathering.  (See 
Weathering.) 
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Vault.  A  fracture  in  the  earth's  cruBt  accompanied  by  movement  of  the  rock  on 
one  side  of  the  break  past  that  on  the  other.  If  the  fracture  is  inclined  and  the 
rock  on  one  side  appears  to  have  slid  down  the  slope  of  the  fracture  the  fault  is 
termed  a  normal  fault.  If,  on  the  other  hand,  the  rock  on  one  aide  appears  to 
have  been  shoved  up  the  inclined  plane  of  the  break,  the  fault  is  termed  a  reverse 
fault.    (See  PI.  XXXIII,  B,  p.  127;  fig.  12,  p.  90;  fig.  16,  p.  128.) 

Vault  block.    A  part  of  the  earth's  crust  bounded  wholly  or  in  part  by  faults. 

Vault  scarp.  The  cliff  formed  by  a  fault.  Most  fault  scarps  have  been  modified  by 
erosion  since  the  faulting. 

Fauna.    The  animals  that  inhabited  the  world  or  a  certain  region  at  a  certain  time. 

Fissure.    A  crack,  break,  or  fracture  in  the  earth's  crust  or  in  a  mass  of  rock. 

Flood  plain.  The  nearly  level  land  that  borders  a  stream  and  is  subject  to  occasional 
overflow.  Flood  plains  are  built  up  by  sediment  left  by  such  overflows.  (See 
PI.  XXIX,  Ay  p.  119.) 

Flora.    The  assemblage  of  plants  growing  at  a  given  time  or  in  a  given  place. 

Fold.  A  bend  in  rock  layers  or  beds.  Anticlines  and  synclines  are  the  common 
types  of  folds.     (See  fig.  15,  p.  128.) 

Formation.  A  rock  layer,  or  a  series  of  continuously  deposited  layers  grouped 
together,  regarded  by  the  geologist  as  a  unit  for  purposes  of  description  and 
mapping.  A  formation  is  usually  named  from  some  place  where  it  is  exposed  in 
its  typical  character.    For  example,  Denver  formation,  Niobrara  limestone. 

Fossil.  The  whole  or  any  part  of  an  animal  or  plant  that  has  been  preserved  in 
the  rocks  or  the  impression  left  on  rock  by  a  plant  or  animal.  Preservation  is 
invariably  accompanied  by  some  change  in  substance,  and  from  some  impressions 
the  original  substance  has  all  been  removed.    (See  PI.  XXV,  p.  92.) 

Gneiss  (pronounced  nice).  A  rock  resembling  granite,  but  with  its  mineral  con- 
stituents so  arranged  as  to  give  it  a  banded  appearance.  Most  gneisses  are  meta- 
morphic  rocks  derived  from  granite  or  other  igneous  rocks. 

Granite.  A  crystalline  igneous  rock  that  has  solidified  slowly  deep  within  the 
earth.  It  consists  chiefly  of  the  minerals  quartz,  feldspar,  and  one  or  both  of 
the  common  kinds  of  mica,  namely,  black  mica,  or  biotite,  and  white  mica,  or 
muscovite.  The  feldspar  is  the  kind  known  as  orthoclase,  and  may  be  distin- 
guished from  quartz  by  its  pale  reddish  tint  and  its  property  of  breaking  with  flat 
shining  surfaces  (cleavage),  for  quartz  breaks  irregularly.  The  micas  are  easily 
recognized  by  their  cleavage  into  thin,  flexible  flakes  and  their  brilliant  luster. 

Horizon.  In  geology  any  distinctive  plane  traceable  from  place  to  place  in  different 
exposures  of  strata  and  marking  the  same  period  of  geologic  time.  A  particular 
horizon  may  be  characterized  by  distinctive  fossils. 

Igneous  rocks.  Rocks  formed  by  the  cooling  and  solidification  of  a  hot  liquid 
material,  known  as  magma,  that  has  originated  at  unknown  depths  within  the 
earth.  Those  that  have  solidified  beneath  the  surface  are  known  as  intrusive 
rocks,  or,  if  the  cooling  has  taken  place  slowly  at  great  depth,  as  plutonic  intrusive 
or  plutonic  rocks.  Those  that  have  flowed  out  over  the  surface  are  known  as  effu- 
sive rocks,  extrusive  rocks,  or  lavas.  The  term  volcanic  rocks  includes  not  only 
lavas  but  bombs,  pumice,  tuff,  volcanic  ash,  and  other  fragmental  materials  or 
ejects  thrown  out  from  volcanoes. 

Idthologic.  Pertaining  to  lithology,  or  the  study  of  rocks.  (See  also  Petrology.) 
Pertaining  to  rock  character. 

Lode.    An  ore-bearing  vein  (see  Vein);  especially  a  broad  or  complex  vein. 

Loess  (pronounced  lurse  with  the  r  obscure).  A  fine  homogeneous  silt  or  loam  show- 
ing usually  no  division  into  layers  and  forming  thick  and  extensive  deposits  in 
the  Mississippi  Valley  and  in  China.  It  is  generally  regarded  as  in  part  at  least 
a  deposit  of  wind-blown  dust. 
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Meander.  To  flow  in  serpentine  curves.  A  loop  in  a  stream.  The  term  comes 
from  the  Greek  name  of  a  river  in  Asia  Minor,  which  has  a  sinuous  course.  Most 
streams  in  flowing  across  plains  develop  meanders. 

Metamorphism.  Any  change  in  rocks  effected  in  the  earth  by  heat,  pressure, 
solutions,  or  gases.  A  common  cause  of  the  metamorphism  of  rocks  is  the  intru- 
sion into  them  of  igneous  rocks.    Rocks  so  changed  are  termed  metamorphic. 

Monzonite.  An  even-grained  intrusive  igneous  rock  intermediate  in  character 
between  diorite  and  granite.    It  resembles  granite. 

Moraine.    A  mass  of  drift  deposited  by  a  glacier  at  its  end  or  along  its  sides. 

Oil  pool.  An  area  or  body  of  sedimentary  rock  that  yieldB  petroleum  on  drilling. 
The  oil  occurs  in  the  pores  of  the  rock  and  is  not  a  pool  or  pond  in  the  ordinary 
sense  of  these  words. 

Outcrop.  That  part  of  a  rock  that  appears  at  the  surface.  The  appearance  of  a  rock 
at  the  surface  or  its  projection  above  the  soil. 

Paleontology.  The  study  of  the  world's  ancient  life,  either  plant  or  animal,  by 
means  of  fossils. 

Peneplain.  A  region  reduced  almost  to  a  plain  by  the  long-continued  normal  ero- 
sion of  a  land  Burface.  It  should  be  distinguished  from  a  plain  produced  by  the 
attack  of  waves  along  a  coast  or  the  built-up  flood  plain  of  a  river. 

Petrography.  The  description  of  rocks,  especially  of  igneous  and  metamorphic 
rocks  studied  with  the  aid  of  the  microscope. 

Petrology.    The  study  of  rocks,  especially  of  igneous  and  metamorphic  rocks. 

Placer  deposit.  A  mass  of  gravel,  sand,  or  similar  material  resulting  from  the 
crumbling  and  erosion  of  solid  rocks  and  containing  particles  or  nuggets  of  gold, 
platinum,  tin,  or  other  valuable  minerals  derived  from  rocks  or  veins  by  erosion. 

Playa  (pronounced  plah/ya).  The  shallow  central  basin  of  a  desert  plain,  in  which 
water  gathers  after  a  rain  and  is  evaporated. 

Porphyry.  Any  igneous  rock  in  which  certain  crystal  constituents  are  distinctly 
visible  in  contrast  with  the  finer-grained  substance  of  the  rock. 

Quartadte.  A  rock  composed  of  sand  grains  cemented  by  silica  into  an  extremely 
hard  mass. 

Rhyolite.  A  lava,  usually  of  light  color,  corresponding  in  chemical  composition  to 
granite.  The  same  molten  liquid  that  at  great  depth  within  the  earth  solidifies 
as  granite  would,  if  it  flowed  out  on  the  surface,  cool  more  quickly  and  crystallize 
less  completely  as  rhyolite. 

Schiat.  A  rock  that  by  subjection  to  heat  and  pressure  within  the  earth  has  under- 
gone a  change  in  <he  character  of  the  particles  or  minerals  that  compose  it  and 
has  these  minerals  arranged  in  such  a  way  that  the  rock  splits  more  easily  in  cer- 
tain directions  than  in  others.  A  schist  has  a  crystalline  grain  roughly  similar  to 
the  grain  of  a  piece  of  wood. 

Sedimentary  rocks.  Rocks  formed  by  the  accumulation  of  sediment  in  water 
(aqueous  deposits)  or  from  air  (eolian  deposits).  The  sediment  may  consist  of 
rock  fragments  or  particles  of  various  sizes  (conglomerate,  sandstone,  shale);  of 
the  remains  or  products  of  animals  or  plants  (certain  limestones  and  coal);  of  the 
product  of  chemical  action  or  of  evaporation  (salt,  gypsum,  etc.);  or  of  mixtures 
of  these  materials.  Some  sedimentary  deposits  (tuffs)  are  composed  of  fragments 
blown  from  volcanoes  and  deposited  on  land  or  in  water.  A  characteristic  feature 
of  sedimentary  deposits  is  a  layered  structure  known  as  bedding  or  stratification. 
Each  layer  is  a  bed  or  stratum .  Sedimentary  beds  as  deposited  lie  flat  or  nearly  flat. 
(See  PI.  XXVIII,  p.  118.) 

Shale.    A  rock  consisting  of  hardened  thin  layers  of  fine  mud. 

Slate.  A  rock  that  by  subjection  to  pressure  within  the  earth  has  acquired  the 
property  of  splitting  smoothly  into  thin  plates.  The  cleavage  is  smoother  and 
more  regular  than  the  splitting  of  schist  along  its  grain. 
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Stratigraphy.  The  branch  of  geologic  science  that  deals  with  the  order  and  rela- 
tions of  the  strata  of  the  earth's  crust. 

Strike.  The  direction  along  which  an  inclined  rock  layer  would  meet  the  earth's 
surface  if  that  surface  were  level.  The  outcrop  (which  see)  of  a  bed  on  a  plain  is 
coincident  with  its  strike. 

Structure.  In  geology  the  forms  assumed  by  sedimentary  beds  and  igneous  rocks 
that  have  been  moved  from  their  original  position  by  forces  within  the  earth  or  the 
forms  taken  by  intrusive  masses  of  igneous  rock  in  connection  with  effects  pro- 
duced mechanically  on  neighboring  rocks  by  the  intrusion.  Folds  (anticlines 
and  synclines)  and  faults  are  the  principal  mechanical  effects  considered  under 
structure.    Schistosity  and  cleavage  are  also  structural  features. 

Syncline.    An  inverted  arch  of  bedded  or  layered  rock  suggestive  in  form  of  a  canoe. 

Talus  (pronounced  tay'lus).  The  mass  of  loose  rock  fragments  that  accumulates  at 
the  base  of  a  cliff  or  steep  slope. 

Terrace.  A  Bteplike  bench  on  a  hillside.  Most  terraces  along  rivers  are  remnants  of 
valley  bottoms  formed  when  the  land  was  lower  or  when  the  stream  flowed  at 
higher  levels.  Other  terraces  have  been  formed  by  waves.  Some  terraces  have 
been  cut  in  solid  rock,  others  have  been  built  up  of  sand  and  gravel,  and  still 
others  have  been  partly  cut  and  partly  built  up.    (See  PI.  XXIX,  A,  p.  119.) 

Till.  The  deposit  of  mingled  bowlders,  rock  fragments,  and  soil  left.behind  by  a 
melting  glacier  or  deposited  about  its  margin. 

Tuff.  A  rock  consisting  of  a  layer  or  layers  of  lava  particles  blown  from  a  volcano. 
A  fine  tuff  is  often  called  volcanic  ash  and  a  coarse  tuff  breccia. 

Type  locality.  The  place  at  which  a  formation  is  typically  displayed  and  from 
which  it  is  named;  also  the  place  at  which  a  fossil  or  other  geologic  feature  is  dis- 
played in  typical  form. 

Unconformity.  A  break  in  the  regular  succession  of  sedimentary  rocks,  indicated 
by  the  fact  that  one  bed  rests  on  the  eroded  Burface  of  one  or  more  beds  which 
may  have  a  distinctly  different  dip  from  the  bed  above.  An  unconformity  may 
show  that  the  beds  below  it  have  at  some  time  been  raised  above  the  sea  and  have 
been  eroded.  In  some  places  beds  thousands  of  feet  thick  have  been  washed 
away  before  the  land  again  became  submerged  and  the  first  bed  above  the  sur- 
face of  unconformity  was  deposited.  If  beds  of  rock  may  be  considered  as  leaves 
in  the  volume  of  geologic  history,  an  unconformity  marks  a  gap  in  the  record. 

Vein.  A  mass  of  mineral  material  that  has  been  deposited  in  or  along  a  fissure  in 
the  rocks.  A  vein  differs  from  a  dike  in  that  the  vein  material  was  introduced 
gradually  by  deposition  from  solution  whereas  a  dike  was"  intruded  in  a  molten 
condition. 

Volcanic  bomb.  A  rounded  mass  of  lava  thrown  out  while  in  a  hot  and  pasty  con- 
dition from  a  volcano.  A  bomb,  like  a  raindrop,  is  rounded  in  its  passage  through 
the  air  and  may  be  covered  with  a  cracked  crust  due  to  quick  cooling. 

Volcanic  cone.  A  mountain  or  hill  usually  of  characteristic  conical  form,  built  up 
around  a  volcanic  vent.  The  more  nearly  perfect  cones  are  composed  principally 
of  lava  fragments  and  volcanic  ashes. 

Volcanic  glass.  Lava  that  has  cooled  and  solidified  before  it  has  had  time  to 
crystallize. 

Volcanic  neck.  A  plug  of  lava  that  formerly  congealed  in  the  pipe  of  a  volcano. 
When  the  tuffs  and  lava  flows  that  make  up  most  of  a  volcano  have  been  washed 
away  by  erosion  the  neck  may  remain  as  an  isolated  hill. 

Volcanic  rocks.  Igneous  rocks  erupted  at  or  near  the  earth's  surface,  including 
lavas,  tuffs,  volcanic  ashes,  and  like  material. 

Weathering.  The  group  of  processes,  such  as  the  chemical  action  of  air  and  rain 
water  and  of  plants  and  bacteria  and  the  mechanical  action  of  changes  of  tem- 
perature, whereby  rocks  on  exposure  to  the  weather  change  in  character,  decay, 
and  finally  crumble  into  soil.    (See  PI.  XXVII,  p.  109.) 
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